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Actions Needed To Increase
The Safety Of Dams Built By
The Bureau Of Reclamation And
The Corps Of Engineers

After reviewing procedures and practices
used by the Bureau of Reclamation in con-
structing the Teton Dam which collapsed in
1976, GAO found that the Bureau

--used questionable design practices and
did not use an independent review
process to confirm its design decisions,

-did not always implement designer’s
intent,

--took unnecessary risks and relied too
much on the adequacy of its design
instead of menitoring and controlling
dam safety during reservoir filling,

--did not heed a lesson on reservoir fil-
ling which it identified 10 years earlier \
when another dam almost failed, and ¢

--did not establish an effective emergen-

cy preparedness plan. —
GAQO makes recommendations to improve
dam safety which apply to both the Bureau
and the Corps of Engineers.
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COMPTROLLER GENERAL OF THE UNITED STATES
WASHINGTON, D.C. 20548

B-125045

The Honorable Leo J. Ryan

Chairman, Environment, Energy, and
Natural Resources Subcommittee

Committee on Government Operations

United States House of Representatives

Dear Mr. Chairman:

As reqguested in your July 20, 1976, letter, this report
discusses the dambuilding procedures and practices used by the
Bureau of Reclamation and the Corps of Engineers relating to
the safety of dams.

As discussed with your office, restricted copies of this
report are being provided to Senator Walter Huddleston of
Kentucky with the stipulation that any further distribution
of the report by the Senator must be cleared first with your
office.

In accordance with discussions with your office, the
agencies were given fifteen days to provide their written com-
ments. Written comments were received within this time frame
from the Department of the Interior and the Federal Coordi-
nating Council for Science, Engineering, and Technology. The
matters covered in the report, however, were discussed with
Department of Defense officials and their comments are
incorporated where appropriate.

This report contains recommendations to the Secretary of
the Interior, the Secretary of Defense, and the Chairman of
the Federal Coordinating Council for Science, Engineering, and
Technology on pages 40, 41, 45, 64, 65, 72, 78, 79, 80, and 81.
As you know Section 236 of the Legislative Reorganization Act
of 1970 requires the head of a Federal agency to submit a
written statement on actions taken on our recommendations to
the House Committee on Government Operations and the Senate
committee on Governmental Affairs not later than 60 days after



B-125045

the date of the report and to the House and Senate Committees
on Appropriations with the agency's first request for appro-
priations made more than 60 days after the date of the report.
We will be in touch with your office in the near future to
arrange for release of the report so that the requirement of

Section 236 can be set in motion. !

Comptroller General
of the United States




COMPTROLLER GENERAL'S REPORT

TO THE SUBCOMMITTEE ON ENVIRONMENT,
ENERGY, AND NATURAL RESOURCES
COMMITTEE ON GOVERNMENT OPERATIONS
HOUSE OF REPRESENTATIVES

ACTIONS NEEDED TO
INCREASE THE SAFETY
OF DAMS BUILT BY
THE BUREAU OF
RECLAMATION AND THE
CORPS OF ENGINEERS

In the aftermath of the 1976 Teton Dam disaster,
GAQ reviewed the dambuilding procedures and prac-
tices used by the Bureau of Reclamation--which
designed and constructed Teton--and by the Corps
of Engineers to determine whether changes are
needed relating to the safety of dams being built.

GAO made a comparative analysis of the procedures
and practices used at the Bureau's Teton Dam and

WATER GUSHING THROUGH THE RIGHT SIDE OF THE 305-—-FOOT
TETON DAM IN THE EARLY AFTERNOON ON JUNE 5, 1976
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the Corps' Ririe Dam, both located in Eastern Idaho.
_Also, GAO compared aspects of these procedures and

- practices with those used on 17 other Bureau and
Corps dams located in the Western States and those
used by the Tennessee Valley Authority and others.
(See pp. 1, 4 and 5.)

WHAT WENT WRONG AT TETON DAM

Circumstances leading to the Teton Dam collapse
showed that the Bureau of Reclamation:

--Used questionable practices of design relating to
safety. (See p. 31.)

--Did not use an independent review process to
confirm its decisions as to design. (See p. 38.)

--Did not always carry out during construction the
intent of its designers. (See p. 42.)

--Took unnecessary safety risks and relied too much
on the adequacy of its design instead of keeping
watch over, and controlling, dam safety during
reservoir filling. (See p. 46.)

--Did not heed a seemingly valuable lesson about
controlling reservoir filling which it identified
when another dam almost failed about 10 years
earlier. (See p. 60.)

--Did not establish an effective emergency prepared-
ness plan for notifying people downstream what to
do in the event of dam failure. (See p. 66.)

In its December 1976 report, the Independent Panel
to Review Cause of Teton Dam Failure--established at
the request of the Secretary of the Interior and the
Governor of Idaho--concluded that an unfortunate
choice of design together with less than conven-
tional precautions led to the failure of Teton.

(See pp. 23 and 24.)

GAO found that the Corps, unlike the Bureau at Teton,
emphasized multiple defenses in its dams to prevent
erosion from seepage. (See pp. 35 and 38.) Also,
independent consultants were used more frequently by
the Corps and other Federal and State agencies in-
volved in dambuilding to confirm design adequacy and
other decisions on which designs were based. (See
pp. 38 and 39.)
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Although the principal Bureau designer said that

he intended for open cracks in the foundation of °
Teton to be sealed, other Bureau officials said that
this intent was not fully carried out because of un-
clear instructions, drawings, and specifications and
misunderstandings by project staff. Another factor
was that designers made only a few visits to the
damsite and none when the cracks were to be filled.
Moreover, the construction engineers at the site
said the designers did not provide adequate direc-
tion or guidance on the treatment of open cracks.
The possible consequence of the inadequate treatment
of certain cracks was addressed by the Panel, who
said that this was a contributing factor in the
failure of Teton Dam. (See pp. 42 to 45.)

In addition, several key monitoring and controlling
measures were neither available nor used when Teton
failed. For example:

--Bureau designers did not intend to install appro-
priate seepage detecting instruments at the Teton
Dam because they were confident that Teton was
adequately designed to protect against erosive
seepage. (See pp. 48 to 50.)

--Pertinent information available to the Bureau at
the damsite during the weeks preceeding the
failure, which, according to Bureau designers,
could have given a clue as to the seepage condi-
tions affecting the dam, was sent routinely from
the project to the designers. It arrived the
day after the failure. (See pp. 50 to 55.)

--Visual observations at the dam were not made on
a 24-hour basis during the critical reservoir
filling stage; consequently, evidence of erosion
from the leak in the Teton Dam could not be ob-
served and remedial actions begun until after the
project staff arrived at the damsite about 5
hours before the failure. (See pp. 55 and 56.)

—--When this evidence was discovered, the Bureau's
staff at Teton could not immediately open the
main river outlet drain because a contractor was
behind schedule in completing work on this
structure. (See pp. 58 and 60.)
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--Bureau designers intended to fill the Teton Dam
reservoir slowly to observe the behavior of the
dam and allow them to take remedial actions if
problems developed, but deviations of up to 4
times more than the filling rate originally
approved were permitted by the Bureau, apparently
to avoid the possibility of incurring contractor
claims. (See pp. 56 to 60.)

No one knows whether the leak at Teton would have
developed as quickly as it did, or whether the
failure could have been prevented, if the reservoir
had been filled slowly and the main river outlet
drain had been available, as planned, to release
water. With no instrumentation available to deter-
mine whether the leaky foundation rock had been
sealed or whether potentially dangerous cracks were
developing, with no adequate means for quickly rec-
ognizing conditions that could adversely affect dam
safety, and with no means to open the main river
outlet drain immediately when an emergency is rec-
ognized, the Bureau took unnecessary risks and
placed too much reliance on the adequacy of its
design.

RECOMMENDATIONS

While GAO was making its study, the Bureau announced
that a review of its design for all storage dams
would be made by independent consultants. In addi-
tion, the Department of the Interior asked for bids
from consulting firms to study whether the Bureau's
internal review system and its technical procedures
used in planning, designing, and constructing dams
follow reasonable safety standards within the limits
of existing technology. (See pp. 38 to 40.)

GAO fully supports the actions announced by the
Bureau and the Department. It is also recommending
that:

-~Independent review for all storage dams be made
part of the Bureau's instructions.

-~Independent review of the Bureau's technical
procedures specifically address the guestionable
design practices identified by the Independent
Panel.
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--The Corps revise their procedures and practices
to make sure that their designs for all storage
dams, where there is or could be a potential
hazard to public safety, be reviewed by inde-
pendent consultants since GAO found that this
was not always done. (See pp. 40 and 4l.)

GAQ is also recommending that:

--The Bureau develop instructions and drawings that
more clearly reflect the intent of its designers.

--Bureau designers visit the site frequently to
be as sure as possible that design intent is
achieved. (See p. 45.)

Although Corps practices for monitoring and
controlling dam safety during reservoir filling
generally were found to be better than those used
by the Bureau at Teton, both the Corps and the
Bureau have procedural gaps which could seriously
reduce their capabilities to detect and rectify
problems that develop in a dam during initial
reservoir filling.

GAO is recommending that:

—-Improved policies and procedures in both
organizations be established regarding (1) re-
quirements for the amount and use of instrumen-
tation for monitoring changing conditions inside
the dam and the abutments, (2) requirements for
visual inspections during reservoir filling,

(3) availability and capacity of outlet drains,
and (4) appropriate reservoir filling criteria.

--The independent design review process also be
used by both the Bureau and the Corps to be as
sure as possible that designers and others who
formulate monitoring programs systematically
evaluate various surveillance methods and
recommend appropriate solutions. (See pp. 64
and 65.)

This report also contains GAO's conclusions and
recommendations concerning Bureau and Corps site
investigation procedures and practices, emergency
preparedness plans and procedures, the systems for
considering information obtained from Geological
Survey, and problems identified by other agencies,
groups, or individuals. (See chs. 2, 6 and 7.)
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On April 23, 1977, the President issued a
memorandum directing the head of each Federal
"agency that has a role affecting the safety of
dams to immediately undertake a thorough review
of its practices. These reviews will be used to
coordinate dam safety programs and develop pro-
posed Federal dam safety guidelines. GAO is rec-
ommending that actions taken or planned by the
Bureau and the Corps on GAO's recommendations

be specifically addressed in the reports on the
reviews performed in accordance with the April
23, 1977, memorandum and that the applicability
of GAO's recommendations to Federal agencies

in addition to the Bureau and the Corps be
evaluated in developing the proposed Federal

dam safety guidelines. (See pp. 80 and 81.)

Copies of this report were sent, for review and
comment, to the Secretaries of the Interior,
Defense, and Army; to the Office of the Chief

of Engineers; and to the Chairman of the Federal
coordinating Council for Science, Engineering,
and Technology. Their comments were considered
in finalizing this report. Bureau and Corps
officials agree that the report was accurate;
they and the Chairman of the Federal Coordinating
Council stated that GAO's recommendations would
be considered in developing improved policies
and procedures.
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CHAPTER 1

INTRODUCTION

On June 5, 1976, the newly constructed Teton Dam in
Eastern Idaho collapsed. The flooding caused 11 deaths, an
estimated $400 million in property damage, and a disruption
of the lifestyle of thousands of people residing in the basin.
The failure also created a great deal of interest and concern
among dam experts throughout the world, the Congress, and the
general public., As a result, several studies were initiated
to determine the causes for the failure and to evaluate proce-
dures and practices for siting, designing, and building
Federal dams.

On July 20, 1976, the Conservation, Energy, and Natural
Resources Subcommittee (currently the Environment, Energy, and
Natural Resources Subcommittee) of the House Committee on
Government Operations requested that we examine the site
selection process for Teton Dam, and other selected dams, to
provide a comparative analysis of the adequacy of the methods
and procedures used by the Bureau of Reclamation and the Corps
of Engineers, The Subcommittee also asked us to review the
adequacy of the procedures followed when potential problems
are identified, particularly from external sources, during the
site selection and/or construction process.

Findings of a major study to investigate specific causes
of the Teton Dam failure completed in December 1976 by the
Independent Panel to Review Cause of Teton Dam Failure--
appointed by the Secretary of the Interior and the Governor of
the State of Idaho--revealed a number of weaknesses in the way
Teton was designed. (See ch. 3.)

In this report, GAO goes beyond the scope of the
Independent Panel's work and findings and examines the site
selection, design, and monitoring process to determine if the
Bureau and Corps could significantly reduce the risk of future
dam failures through improved policies, procedures, and

practices.

In addition to the study by the Independent Panel and
GAO's review, the Department of the Interior has been con-
ducting or considering studies of both the cause of the Teton
Dam failure and the overall policies, procedures, and
practices used by the Bureau to construct dams. A report on
the cause of the failure was issued in April 1977 by
Interior's Teton Dam Failure Review Group and the following
procedural reviews were completed, underway, or planned as of
the end of April 1977:



--A non-technical review of the Bureau's
administrative procedures (completed in
December 1976).

--A technical review of the Bureau's decision-
making procedures and criteria and its design
practices (proposed to be under contract for
about 1 year beginning after April 1977).

--An assessment of the criteria for evaluating
and reviewing the safety of existing Bureau
dams by the National Academy of Sciences'
National Research Council (expected to be
completed in February 1978).

Also, on April 23, 1977, the President directed that
certain actions be taken to coordinate Federal dam safety
programs and to develop proposed Federal dam safety
guidelines. (See ch. 8.)

RESPONSIBILITIES AND FUNCTIONS
OF THE BUREAU AND CORPS

Bureau

The Reclamation Act of 1902 (43 USC 371 et. seq.)
authorizes the Secretary of the Interior to plan, build,
operate, and maintain water projects designed to reclaim arid
and semiarid lands in the 17 Western States. In achieving
this end, the Bureau of Reclamation has designed and con-
structed more than 300 major dams and numerous other water
distribution systems.

The organizational structure of the Bureau consists of
the Office of the Commissioner in Washington, D.C., the
Engineering and Research (E&R) Center in Denver, seven re-
gions, and project and other operating offices within the
seven regions. The Commissioner and his staff are responsible
for establishing policy and for working with congressional
delegations and committees in obtaining authorizations of pro-
jects by the Congress. They are also instrumental in securing
funds for investigations, construction, and operations and
maintenance of reclamation projects.

Organizational components within the E&R Center include,
among others, the Office of Design and Construction and the
Division of Planning Coordination. The Office of Design and
Construction, which comprises most of the E&R Center staff, is
responsible for the design of virtually all Bureau projects
and for overseeing the construction of these projects. The
Division of Planning Coordination provides planning guidelines



and technical assistance and reviews planning products. 1In
this role, the Division works with both the Commissioner's
office and the regional offices.

Each region has responsibilities within its boundaries
for planning Bureau projects, for providing administrative
services and technical supervision associated with construc-
tion, and for operating and maintaining existing projects.
Each region has several satellite offices whose functions are
to carry out responsibilities within a local area.

Corps

The Corps has both civil and military functions within
the Department of the Army. One important civil function of
the Corps is the construction, operation, and maintenance of
navigation, flood control, and multiple-purpose projects
throughout the Nation. Since the inception of its civil works
responsibility in 1824 (4 Stat. 32), the Corps has built more
than 400 dams.

The Corps is organized in three basic tiers--the Office
of the Chief of Engineers (OCE), under which are the 11
divisions and 36 districts. Decentralization is a basic tenet
of Corps organization and structure.

OCE is the Chief of Engineer's headquarters staff and
assists him in planning and controlling Corps activities. As
a basic policy, OCE provides staff supervision while field
offices plan, direct, and execute operations. The Director of
Civil Works is responsible for civil works functions at the
OCE level, including supervision of planning, design construc-
tion, and operation and maintenance of civil works projects.
OCE provides the divisions and districts guidance as to poli-
cies and criteria for use in planning, designing, and con-
structing water resource projects. The Board of Engineers for
Rivers and Harbors, also at the OCE level, makes independent
reviews of planning documents and reports prepared to
determine the advisability of authorizing water resources
projects.

The bulk of the Corps' work is accomplished in its field
offices., The divisions are responsible for administration,
supervision, and coordination of the work of the districts
within their geographical boundaries. This includes review
and approval of the major plans and programs developed by the
districts. The districts are the principal planning and pro-
ject implementation offices of the Corps. They prepare and
submit water resource needs and development studies in re-
sponse to congressional resolution, and develop the design for,
construct, operate, and maintain water resource projects. The



districts have area or resident offices at projects under
construction for immediate supervision and inspection of the
work ‘as it progresses and for maintenance of operating
projects.

SCOPE OF REVIEW

We reviewed records, instructions, guidelines, and other
data on the site selection, design, construction, and moni-
toring process in both the Corps and Bureau. In the Bureau,
work was performed at the Pacific Northwest, Mid-Pacific, and
Upper Colorado Regions; the Engineering and Research Center,
Denver, Colorado; and the Office of the Commissioner,
Washington, D.C. We visited Teton, Soldier Creek, Current
Creek, Palisades, and Auburn dams and talked with Bureau
project people at these sites when available.

We obtained and evaluated similar data at Corps Districts
in Walla Walla, Washington; Portland, Oregon; and Sacramento,
California; the North Pacific Division; and OCE, Washington,
D.C. We visited Ririe Dam in Eastern Idaho and talked with
the Project Engineer.

To better understand and evaluate the Bureau and Corps
dambuilding processes, we reviewed in detail site selection,
design, and monitoring practices and procedures for Teton and
Ririe dams. We also reviewed certain aspects of this process
in relation to the Bureau's Auburn, Crystal, Pueblo, Sugar
Pine, Ridgeway, Tyzack, Scoggins, Savory, and Pot Hook dams
and the Corps' Applegate, Buchanan, Little Del, Lost Creek,
New Melones, Marysville, Hidden, and Lakeport Lake dams.

Except for certain delays in a construction contractor's
performance (see pp. 58 and 60) and an apparent misunder-
standing among the Project Construction Engineer, a construc-
tion contractor, and the Bureau's designers regarding the
treatment of cracks in the Teton Dam's foundation (see pp. 42
to 45), we did not review construction practices or contractor
per formance during our study because our preliminary invest-
igations and those of the Independent Panel, formed to
identify the causes for the Teton Dam failure, disclosed no
other major weaknesses in this area.

We identified procedures and practices of other
organizations that design and construct major dams in the
United States. Also, we visited Bechtel, Inc., Aluminum
Corporation of America, Tennessee Valley Authority (TVA), and
the State of California Department of Water Resources, all of
which have built major dams in the United States or elsewhere.



We also held discussions with officials at the U,S.
Geological Survey (USGS) headquarters in Washington, D.C.,
and its regional office in Denver, Colorado; the Federal
Power Commission, Washington, D.C.; and the Nuclear
Regulatory Commission, Washington, D.C., regarding the siting
and designing of dams.

Two consultants-~Herbert D. Vogel and William L. Wells--
highly qualified in dam siting, design, and construction
assisted us in our review.

Copies of this report were sent, for review and comment,
to the Secretaries of the Interior, Defense, and Army; to the
Office of the Chief of Engineers; and to the Chairman of the
Federal Coordinating Council for Science, Engineering, and
Technology. Written comments were received from the
Department of the Interior and the Federal Coordinating
Council. (See apps. I and II.) Discussions were held with
Bureau of Reclamation officials and Department of Defense
officials including the Corps. Bureau and Corps officials
agreed that the report was accurate; they and the Chairman of
the Federal Coordinating Council stated that our recommen-
dations would be considered in developing improved policies
and procedures.



CHAPTER 2

A COMPARISON OF BUREAU AND CORPS SITE INVESTIGATION

PROCEDURES AND PRACTICES

Site investigations to select the most suitable damsites
are an integral part of the planning and design processes for
the Bureau and Corps. The investigations are made to select
the most suitable damsite on the basis of engineering and ec-
onomic considerations and to accumulate sufficient data to
properly design a safe dam for that site.

The ultimate selection of a damsite is based on an
evaluation of many factors including safety, economic feasi-
bility, environmental impact, local support, and its suitabil-
ity in meeting local water resource needs. Significant
problems related to any one of these factors may lead to site
abandonment. As long as considered sites are safe, cost is
often the primary factor in choosing the final site,.

Bureau and Corps officials told us that there are no
problem-free damsites, but rather each site has different con-
ditions that bear on dam safety. Some are of such difficulty
or complexity that building a dam within available funds is
not feasible, while others can be safely and economically dealt
with through proper engineering.

The Bureau, unlike the Corps and many other organizations,
generally did not utilize an independent review process to
assess the adequacy of site investigations to reaffirm geology
and design decisions. (See ch. 3.) This is particularly im-
portant because many remaining damsites are considered more
difficult sites which must be thoroughly investigated before
dam design and construction,

BUREAU SITE SELECTION AND
INVESTIGATION PROCESS

The site selection process typically takes several years
and involves three phases, or levels, of investigation:
appraisal, feasibility, and advance planning. Site investiga-
tions--defining surface and subsurface geologic conditions,
analyzing hydrology conditions, and obtaining other informa-
tion needed to assess the suitability of damsites and satis-
factorily define site conditions--generally become
increasingly more detailed through each of these phases.

These investigations continue into the preconstruction and
construction of a project.



Bureau instructions and guidelines define the types of
investigative work to be performed during various project
phases. However, the Bureau has no criteria that specifi-
cally defines acceptable site conditions, the scope of in-
vestigations at alternative damsites, or the thoroughness of
investigations needed for design purposes. Bureau officials
do not believe these can be defined because each site has
unique conditions requiring different degrees of work. The
Bureau relies on the judgment of their geologists, designers,
and other experienced personnel for decisions on these
matters. Officials from the Corps, TVA, and the State of
California agreed and said that they too rely on the judgment
and experience of their personnel.

We found no significant difference in the site selection
process as carried out in various Bureau regions. Each phase
is discussed primarily on the basis of comments made by re-
gional and E&R Center officials.

e e . e e

The appraisal level investigation (formerly called
reconnaissance) is the first phase of the Bureau's project
planning process. This phase involves a relatively brief
analysis of a study area's water resources needs and alterna-
tive plans to meet the needs. The purpose of the study is to
determine if more detailed analyses of the alternatives are
warranted.

Regional offices are responsible for conducting appraisal
stuaies and preparing the report. The E&R Center reviews the
reports for completeness and technical adeguacy and will
assist, if requested by the regions, in the investigations and
design studies. The Bureau's alternative plans considered to
meet resource needs may include various combinations of stor-
age or diversion dams and reservoirs, water conveyance and dis-
tribution systems, and hydroelectric power and pumping plants,
The most favorable plan (or plans) is discussed in more detail
to incluae an analysis of costs and benefits. The report pro-
vides the basis for congressional authorization of the more
detailed feasibility level studies.

If the appraisal level alternatives being considered
involve one or more dams, possible damsites will be
investigated. This usually begins by an office research
effort, utilizing such sources as topographic maps and any
previous studies of area damsites conducted by the Bureau or
others, For example, the Bureau reviews available maps,
bulletins, and periodicals prepared by USGS or State
geologists relative to areas encompassing the damsites under
review. This research is followed by onsite inspections by



engineers and geologists. From these visits some sites can
often be eliminated from further consideration on the basis
of observed unsafe conditions (e.g., high potential for
large landslides) or conditions that would make construction
at that site uneconomical.

From those sites judged to be feasible from safety and
engineering standpoints, the most favorable site is then
chosen on the basis of other factors such as cost, environ-
mental impact, and suitability to meet project needs. Thus,
geologic conditions and problems have a two-fold bearing on
the selection of the most favorable site; they affect
judgments on site safety and affect project cost.

More detailed analyses are then prepared on the site
judged to be the most favorable. Benefits associated with
the site are better defined. A geologic report is prepared,
containing conclusions on such matters as foundation rock
conditions, available construction materials, and stability
of the damsite. The report, however, is considered prelimi-
nary as only limited geologic investigations are performed
at the appraisal phase. Subsurface drilling is normally not
done. Geologic data is based on visual observations and on
readily available data (e.g., previous geologic studies done
by the Bureau or others).

Appraisal level design drawings may also be prepared to
facilitate the estimate of project cost. Such drawings for
earth dams would include general plan and profile views of
the proposed structure, which would show dimensions of the
embankment and locations of major features (e.g., spillway,
powerhouse outlet works). A maximum section drawing would
also be made showing the proposed composition of the dam and
the location of various internal features (e.g., cutoff
trench, filters, impervious fill, etc.).

Feasibility

The feasibility level investigation is the second
phase of the Bureau's project planning process. Basically,
this phase continues in more detail the activities carried
out during the appraisal level studies. The purpose of the
study is to firmly identify the best plan for meeting the
water resource needs of the area under study and the costs
and benefits associated with that plan.

Regional offices are responsible for conducting the
feasibility study and preparing the report. During this
phase, the E&R Center takes a more active role in planning
needed investigative work and providing technical assistance.



It reviews the feasibility report for completeness and
technical adequacy. Congressional authorization for
construction is based on the report.

The study area's resources and needs are reevaluated and
better defined. The alternative plans to meet these needs
are also reevaluated. If a dam is considered one of the best
alternatives, the site judged most favorable will be investi-
gated in more detail to ensure that a dam is technically fea-
sible and to fully identify the costs and benefits associated
with that site.

A drilling program is laid out by geologists and
designers to determine subsurface conditions at key locations,
such as abutments, possible spillway and outlet works loca-
tions, and the valley floor. The number of holes drilled
during feasibility investigations may vary significantly;
about four holes are considered the minimum but many more may
be drilled depending upon site conditions. Generally, alter-
native sites would not be drilled unless (1) the initial
drilling program indicated unsatisfactory or doubtful geologic
conditions or (2) another site was judged to be more favorable
because of such factors as environmental impact, project cost,
or suitability to better meet project needs. Based on the
drilling program, other geologic activities carried out, and
other available information, a report is prepared on the
geologic conditions at the damsite and in the reservoir.

Although feasibility level design drawings of the dam are
considered tentative because they are based on limited data,
they are prepared to provide a better basis for determining
project cost. These would be similar in nature to those
prepared during the appraisal level as discussed previously.

Advance planning

During the advance planning phase the feasibility level
studies are reevaluated and updated, if necessary, in light
of any changed conditions (e.g., inflation, new developments
in the area, changes in local interest) that take place
between project authorization and appropriation of construc-
tion funds. This may cause substantially more field investi-
gations and changes in the feasibility plan, including changes
of the damsite and the type of dam.

Usually, the Bureau finds its project plan, as updated
by the advance planning effort, consistent with the authori-
zing legislation. 1In this case, preconstruction level
exploration work is started to provide data needed for the de-
tailed design of the structure. Also, the Bureau executes
contracts with water users for repayment of reimbursable costs



and other groups that will operate various project features
(e.g., wildlife reserves and recreation facilities). If its
project plan is inconsistent with the authorizing legis-
lation, the Bureau resubmits the project to the Congress for
authorization.

The regional offices are responsible for conducting the
advance planning effort and for preparing a Definite Plan
Report (DPR). The DPR is an internal report of the advance
planning findings for the Commissioner. The E&R Center pro-
vides technical assistance, develops the exploration program,
and reviews the DPR report.

Post planning processes impact
on site selection

After the three planning phases, detailed site
investigations continue in the "preconstruction" phase to
provide the data needed to develop project design specifi-
cations. Bureau designers told us that the project inves-
tigation is not finished until the dam is essentially
complete, and that design changes fregquently occur during
construction. For example, early in the construction phase,
excavation of the foundation may disclose new data on
specific aspects of the site which can change the design.

By the time a project reaches the construction phase,
the general suitability of the site should be well estab-
lished and changes would not be likely. Bureau officials
told us there have been cases where sites have been abandoned
after starting the construction phase because of environmental
or economic reasons or lack of public support, but they said
that the Bureau has never changed or abandoned a site after
beginning construction because of engineering or geologic de-
ficiencies. However, Bureau officials told us that if at any
time information indicates a safe structure cannot be built at
a particular site, the site will be abandoned.

The degree or magnitude of site investigations varies
from project to project depending on the site conditions en-
countered and the exploratory work deemed necessary by Bureau
personnel. Certain aspects of site investigations at three
different projects are described below to illustrate this
point and to provide a basis for better understanding the
process.,

Site selection and investigation
for Teton Dam

The first time a large multipurpose dam was considered
on the lower reaches of the Teton River was during a 1955-60
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joint Bureau-Corps broad survey of developmental opportunities
in the Upper Snake River Basin. Among the potential projects
identified was a 300-foot high earthfill dam at the Fremont
damsite to provide flood control, irrigation, and other
benefits.

The Bureau's Pacific Northwest Regional Office conducted
a reconnaissance level investigation of the Teton Basin during
1959-61. A geologic report was completed on the Fremont dam-
site in January 1961, and a reconnaissance level design was
prepared the following April. The final project reconnaissance
report, completed in October 1961, concluded that multipurpose
development of the lower division of the Teton Basin would have
technical, economic, and financial feasibility. The project,
including a 310-foot high earth dam at the Fremont site, was
estimated to cost $52 million with a benefit-cost ratio of 1.79
to 1.

Throughout the reconnaissance and subsequent investigation
phases, only one site, Fremont (later named Teton), was ever
studied in detail by the Bureau. While other sites were vis-
ually inspected, they were not investigated by subsurface
drilling. Bureau officials told us that a dam at the Teton
site would hold more water for irrigation, power, and flood
control purposes than other sites. They also told us that the
site was closer to the water users and that the terrain at the
site was suitable for construction of a spillway and other
project features. These factors, in the opinion of Bureau
officials, made the Teton site more economically favorable than
other potential sites. From a safety standpoint, Bureau geolo-
gists believed that the Teton site was geologically similar to
other sites, and Bureau designers believed that a safe dam
could be constructed there.

The Bureau began a drilling program for feasibility level
studies in July 1961. 1In the 1961-62 period, 12 holes were
drilled--10 near the damsite and 2 in the reservoir area.
Another geologic report was prepared in February 1963 and a
feasibility design was completed the following June. However,
a project feasibility report was never prepared. Because of
the seriousness of an alternate drought and flooding cycle in
the Teton area in 1961-62, there was pressure for early author-
ization of the project. At the request of the Commissioner,
the Pacific Northwest Regional Office prepared a special report
in March 1962 based primarily on reconnaissance data. This
report was used to seek congressional authorization rather than
waiting for the completion of a feasibility level report which
is normally required for authorization. The project was
authorized for construction at the Fremont damsite on
September 7, 1964.
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In April 1967 the subsurface drilling program resumed.
One year later the preliminary geoclogy report prepared during
the feasibility stage was updated on the basis of additional
geological explorations, including a reservoir seepage loss
study and subsurface drilling. 1In February 1969 the Pacific
Northwest Region submitted its Definite Plan Report to the
Commissioner. The Regional Director noted that the plan for
development of the first phase of the lower Teton division--
which included the Teton dam, reservoir, and powerplant--
remained essentially the same as at the time of authorization.
He recommended that construction of the first phase proceed.
The estimated construction cost was about $48.5 million, with
a total estimated benefit-cost ratio of 1.55 to 1.

Detailed site investigations continued throughout the
preconstruction phase. 1In April 1971, a preconstruction geo-
logic report was prepared that summarized the results of site
and reservoir investigations conducted. The E&R Center com-
pleted design specifications for the project, and the invita-
tion for bids was issued on July 22, 1971. The construction
contract was awarded on December 13, 1971, and construction
commenced in February 1972.

Throughout the various levels of investigation, Bureau
officials were confident that a dam at the Fremont site was
technically feasible and that a safe structure could be
built. The site was considered to be away from all known
faults and to have structurally competent rock on both abut-
ments, at the surface as well as at depth. There were ample
supplies of construction materials near the site.

There were also site problems. For example, the damsite
was in a seismically active region and some sections of the
foundation rock were highly jointed and capable of enabling
large quanities of water to flow through. However, the Head
of the Bureau's Earth Dam Section did not believe the site
problems were insurmountable or that the site was more
difficult than others built on by the Bureau.

This confidence no doubt stemmed from the Bureau's
previous success in building dams as well as from confidence
that the site conditions and problems had been adequately
identified and explored. From 1957 through 1975 a variety of
site and reservoir studies were conducted that provided in-
formation on the overall adeguacy of the damsite and data
necessary to develop detailed designs., Site investigative
work included:

-~Exploratory drilling: A total of 111 core holes,

involving 21,653 linear feet, had been drilled
and logged.
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--Permeability testing: Percolation and extended
pump-in tests were made to test the permeability
of the foundation.

--Pilot grouting: A pilot grouting program was
performed to test the feasibility of effectively
grouting the foundation.

--Rock core testing: Bureau laboratories in
Denver made various tests to determine physical
and mechanical properties of foundation rock.

--Construction materials testing: The Bureau
conducted various tests in its Denver and field
laboratories to determine the physical proper~
ties of soils and rock to be used in building
the dam.

The type and scope of these and other investigations

conducted by the Bureau appeared satisfactory for the purpose
of assessing the general adequacy of the site and developing
a satisfactory design. This is based on the findings of the
Independent Panel who concluded the following in respect to
adequacy of site investigations.

Site

"The foundation exploratory drilling, geologic
mapping, pumping tests, groundwater observations,
and pilot grouting tests which had been completed
prior to the adoption of the final design for
Teton Dam were sufficiently detailed to provide
the designers with adequate knowledge of the site
conditions. The jointed character of the founda-
tion rock, with the large water-carrying capacity
of the joint system, was well documented from the
results of the core borings, water testing of
drill holes, groundwater table studies and the
pilot grouting tests. The presence of the basalt
flow in the canyon at the base of the left abut-
ment was also well defined. Therefore, it can be
concluded that the preliminary investigations had
disclosed the major characteristics of the
foundation and abutments needed to develop a
satisfactory design.”

selection process for other Bureau dams

able

At Teton, the site initially selected as the most favor-
was ultimately built on. However, as illustrated by the

Tyzack Dam and Auburn Dam examples below, the Bureau does

make

changes in the site initially selected due to such
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factors as unfavorable geologic conditions, changes in project
goals, or environmental considerations.

Tyzack Dam

The Tyzack Dam, a l45-foot-high earthfill dam, is
currently in the preconstruction phase in Utah. During
Bureau site investigations, three possible reservoir sites
were identified--Ratliff, Boan, and Tyzack. 1In 1965, the
Ratliff location was judged to be the most economical.

Five possible damsites were identified and a drilling pro-
gram was started. Six holes were drilled at one site and
this site was determined to be geologically sound; thus, no
other Ratliff sites were drilled.

In 1971 the Bureau determined that a larger reservoir
capacity was needed for the project; therefore, a dam at the
Tyzack location would be the most economical in meeting the
project's needs. Three possible damsites at the Tyzack area
were identified; the one judged most economical was drilled
first. However, this was found to have geologic conditions
that would require expensive construction methods; hence, the
next most favorable site was drilled. This was found to be
acceptable from both economic and geological standpoints so
the decision was made to build at this site. The potential
site at the Boan location was never drilled because surface
inspections and preliminary cost estimates showed other
locations were more favorable.

Auburn Dam

The Auburn Dam, a double-curvature, thin arch concrete
dam, 685 feet high, is currently under construction in
Ccalifornia. 1In 1956 the Bureau began its feasibility level
studies for a dam having a reservoir capacity of 1,000,000
acre feet. A subsurface drilling program was initiated at
two damsites considered the best during a previous recon-
naissance study--one site for an earth dam at river mile
19.1 and one for a concrete gravity dam at river mile 20.5,
After one hole was drilled at river mile 20.5, Bureau per-
sonnel concluded that the site had poor geologic conditions
for a gravity dam. The earth damsite was considered adequate
after about 30 core holes were drilled.

In 1962 the Bureau increased the capacity of the planned
reservoir to 2.5 million acre feet after reassessing the
needs of the area. Bureau personnel reviewed the previous
geologic investigations and concluded that the river mile 19.1
site was suitable for a larger dam. In 1965 the Congress
authorized Auburn Dam on the basis of the Bureau's plan for an
earthfill dam about 690 feet high at river mile 19.1.
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Subsequent to authorization, Bureau personnel began
comparative studies of a thin arch dam at river mile 20.1
with the planned earth dam at river mile 19.1 primarily due
to an increasing need to minimize environmental damage
caused by construction. To obtain needed materials for the
proposed earth dam, the Bureau would have had to strip 4 to 7
square miles of land planned for residential and small acre-
age development. Bureau designers told us that the cost of
necessary restoration had not been adequately estimated in
feasibility studies. They said that a thin arch dam would
minimize environmental damage, but that this type of dam had
not been seriously considered during previous studies. They
stated that during the years of investigations at Auburn,
there were several important evolutionary developments in
arch dam design that made a large arch dam a more favorable
alternative. 1In 1967 the engineering, environmental, geo-
logic, and economic studies culminated in the selection of a
double-curvature, thin arch dam for construction at river
mile 20.1. The studies found the cost of the two dams to be
about the same, but environmental considerations strongly
favored the arch dam.

CORPS SITE SELECTION AND
INVESTIGATION PROCESS

Dam planning in the Corps is typically spread over many
years. Dams must be authorized by Congress before selection
of the final site and completion of project design. Thus, the
planning process breaks conveniently into two phases: pre-
authorization and postauthorization study and planning. The
preauthorization phase includes preliminary selection of a
damsite but the final site selection is left until post-
authorization planning; therefore, expensive exploration work
on many projects studied but never authorized is avoided.

General geology and foundation conditions are an
important consideration in the selection of a damsite because
of their impact on judgments as to the safety of the sites
and cost estimates of building a dam at those sites. After
foundation conditions are judged to be safe, the final site
determination is based on other factors, such as hydrology,
economics, and environmental and social impacts.

Guidance for planning studies and geological
investigations is provided in a series of planning and engi-
neering and design manuals. These manuals set forth the site
selection process and steps for subsurface investigation, but
do not provide criteria as to what may provide an acceptable
damsite from a geologic or safety standpoint or the scope of
investigations at alternate sites.
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Corps officials told us that the amount of subsurface
exploration needed to select a site and gather design data
for a project is a matter of judgment, and the extent of
exploration varies according to the complexity of the geol-
ogy and the foundation conditions encountered. Corps
officials also stated, however, that the extent of ‘explor-
ation is related to the size of the project, because (1)
safety considerations become more critical for high dams
because of the greater pressure of the reservoir against
the dam and (2) the high cost of large dams increases the
potential for significant cost savings through greater
knowledge of foundation conditions.

The districts of the Corps are responsible for the
conduct of both pre and postauthorization study and planning
work, including problem identification, formulation of alter-
nate solutions, and assessment of the alternate solutions.
Involvement of the divisions and OCE is limited to review of
a district's assessments, conclusions, and recommendations.

Preauthorization studies

Planning for Corps dams begins with regional or river
basin studies to identify long-range water resource problems
and to develop action plans to resolve them. The basin
study is followed by a survey or feasibility study undertaken
by the Corps to solve more localized problems. These studies
identify the problem, formulate alternate solutions, and
assess these alternate solutions in terms of national eco-
nomic development, regional development, social well-being,
and effect on the environment. The reports of these survey
studies are submitted to the Congress and provide the basis
for project authorization.

The first subsurface or geological investigation of
prospective project sites is done during the survey study. At
this point the scope of geological field investigation is very
limited because its purpose is to tentatively identify (1) a
favorable site, (2) engineering feasibility, and (3) the
project's cost estimate.

During this study phase, the district develops a
preliminary project design to include the type of dam, and its
length, height, and cross section in the case of an embankment
.dam. Site selection and the type of dam to be built are in-
terdependent because the foundation and topographic conditions
may be .adequate for one type of structure but not another,
Certain sites, for example, may be suitable for an embankment
dam, but not adequate for a concrete gravity dam because of
foundation, rock quality, overlying material, and the depth to
suitable foundation rock.
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Geologic investigations begin with a review of available
geologic literature and reports, topographic and geologic
maps, and aerial photographs. This material may be available
as a result of earlier Corps investigations or of investiga-
tions of other Federal agencies, such as USGS or the Bureau
of Reclamation, State or local entities, or of private
utilities or industrial enterprises.

The preliminary investigations are followed by a surface
study of the prospective sites by planning engineers and
geologists and subsurface investigation at one or two of the
sites which appear most favorable.

Corps engineering instructions do not specify the scope
or detail of subsurface investigations, but do set out what
information should be obtained. The Corps' engineering in-
structions provide that survey investigations should include
determination of bedrock profiles along the dam or embankment
axis; at off-channel spillway, tunnel, and conduit locations;
and where elusive and important geologic conditions, such as
buried channels, are suspected or possible. The explor-
ations should also include surface and subsurface drainage;
type, occurrence, and thickness of the soil overlying bedrock;
type, stratigraphic relationships, and geologic structure of
rock; presence of cavernous formations; ground water condi-
tions; sources of construction material; and other conditions,
such as earthquake activity and slide areas that may affect
the site location.

The results of these studies are summarized in the survey
report, which goes to the Congress and serves as the basis for
project authorization. The survey reports are successively
reviewed within the Corps at division level, in the OCE (in-
cluding the Board of Engineers for Rivers and Harbors), and by
other interested or affected agencies, such as the Bureau of

Reclamation, USGS, Environmental Protection Agency, and State
and local agencies.

Corps officials told us the Corps' philosophy was to
limit subsurface investigation for preliminary site selection
before project authorization because subsurface exploration is
costly and many projects are studied but never authorized.
They stated that the purpose of subsurface investigation at
this stage is to (1) determine that a dam can be built at the
site and (2) get an idea of foundation conditions to provide a
basis for preliminary cost estimates. Extensive subsurface
investigation of this preliminary site or other alternative
sites is delayed until after feasibility has been established
and a project has been authorized.
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Postauthorization studies--
plan formulation

Postauthorization planning begins with Phase I plan
formulation studies to reaffirm and update the basic plan pre-
sented to the Congress in the survey report and conform it to
physical, economic, environmental, and social changes which
have occurred since preparation of the survey report. The
plan formulation study includes final site selection for the
project. Additional geologic explorations are conducted at
the preliminary site selected in the survey phase and other
viable alternate sites identified.

Corps officials stated that as a general practice,
subsurface explorations are made at alternate sites to deter-
mine the location where a safe dam can be built ‘for the least
cost as related to benefits. They said this means, together
with other considerations, a site requiring the least amount
of excavation and foundation treatment. The Corps officials
stated that although the rationale for geologic exploration of
alternate sites is basically economic, ordinarily this goes
hand~-in-hand with the relative safety of the sites because ex-
tensive foundation treatment usually tends to increase project
costs. Thus, the poorer sites are often rejected because of
economic considerations.

Geologic and subsurface investigations conducted during
the plan formulation stages may vary in scope, but should
support the final site selection and the determination of the
type of structure best suited to that site. 1In the three dis-
tricts reviewed, the extent of exploration varied greatly from
project to project and site to site. Generally, the investi-
gations included an evaluation of earthguake activity in the
area. Subsurface explorations included drill holes, tunnels,
surface stripping, and test pits. Where available, the dis-
tricts also utilized the results of exploratory drilling by
other agencies such as the Bureau of Reclamation, State and
and local governments, or private industry.

Site selection is documented in the plan formulation
memorandum Or in a separate site selection memorandum. If
major changes in the project plan, as described in the survey
report, result from Phase I plan formulation studies, the Dis-
tricts prepare a report of these postauthorization changes
for congressional authorization of further planning. The
kinds of changes which require reporting include the addition
of other uses for the project water, a major change in the
site, or a significant change in total cost, cost allocations,
or benefits. 1If significant changes from the project as orig-
inally authorized have not occurred, the districts proceed
directly to Phase II postauthorization planning.
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Postauthorization--project design

Postauthorization study, Phase II project design, is
concerned with the technical design of the plan developed in
the preauthorization survey and reaffirmed or reformulated in
the Phase I plan formulation. Subsurface investigation in
the immediate vicinity of the site selected in the Phase I
study continues during project design, but site changes are
limited to minor variations in the locations of structures.
At this point, the purpose of exploration is to provide in-
formation on foundation conditions and construction materials
for use in project design.

During this period, information is obtained on such
things as the depth of overburden, depth to unweathered rock,
amount of excavation required, need for grouting, permeability
of the foundation and abutments, and foundation flaws such as
faults and clay seams. Subsurface explorations performed
should be sufficient to show (1) what foundation treatment is
needed; (2) the quantity of excavation required for the foun-
dation and abutments, and whether this material is suitable
for use in construction; (3) the characteristics of the borrow
material to be used as the impervious core materials and other
zones in an embankment dam; and (4) the strength of rock and
overburden so as to be able to establish stable slopes. The
means of acquiring this data will include

~~core drilling, including borehole photography and
hydraulic pressure testing of holes;

--soil borings and excavation of test pits;

--tunneling, depending on type of proposed
structures;

--test grouting, depending on quality of rock and
type of structures; and

--laboratory testing of foundation and construction
materials.

Subsurface investigation continues during construction of
a project., However, these explorations are directed at deter-
mining final foundation grades and treatment of localized
foundation problems. They should not have an impact on the
site selection or basic project design.
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Site investigation and selection for Ririe
and Marysville Dams

The Corps often moves from the site originally selected.
These examples portray the Corps' site selection and investi-
gation processes and the various factors that influence the
selection of a particular site.

Ririe Dam

Ririe Dam was recently completed at a cost of $36.5
million by the Walla Walla District. It is a flood control
and irrigation project located on Willow Creek in Idaho about
30 miles from Teton. Ririe is an earth and rockfill dam
somewhat smaller than Teton; the embankment is about 180 feet
high and 840 feet in length and creates 100,000 acre-feet of
reservoir storage capacity. It is located in an eroded
canyon with steep abutments of volcanic rock, a geologic
setting similar to Teton.

Subsurface investigation for Ririe Dam began with the
joint Bureau and Corps Upper Snake River Basin study in 1957.
Initial field investigation included geologic reconnaissance
and exploratory drilling of three holes at a narrow point in
the canyon about 5 miles above the entrance of Willow Creek
to the Snake River Plain. A dam at this site, described in
the 1962 Interim Report, resulted in congressional authoriza-
tion of the project. Topography for this site was ideal
because (1) the embankment would be short, (2) the spillway
would be away from the toe of the embankment, and (3) con-
struction of the embankment would not interfere with spillway
and outlet work construction.

Further exploration of this site was done in 1963 for
final site selection. Two other sites, 2.5 and 5 miles down-
stream, as well as two other locations in the immediate
vicinity of the site described in the Interim Report, were
considered during postauthorization final site selection. A
field reconnaissance and surface geologic check indicated the
original and the furthest downstream sites were superior; the
other sites were dropped without subsurface investigation.

A total of 16 holes were drilled at the abutments and in
the valley floor at the original site before it was abandoned
because of unstable sediments underlying rock strata at the
right abutment. Subsegquently, 20 holes were drilled in both
abutments and the valley floor at the downstream site. The
District concluded this site had more uniform abutments which
could be more easily analyzed and treated. Based on the su-
periority of the foundation conditions and safety requirements
for storage dams, the District recommended it as superior to
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any other available site. Our consultant reviewed the site
selection for Ririe Dam and concluded that the procedures
followed were entirely adeguate and in accordance with the
best engineering practices. He also agreed with the selec-
tion of the downstream site although he believed a dam could
have been built at either site.

Marysville Dam

Marysville is primarily a power project planned by the
Sacramento District. 1Its site on the Yuba River in
California has been selected, but construction has not
started. Project costs are currently estimated at over $700
million. The Sacramento District's Marysville Lake Project,
as now planned, will consist of a main dam on the Yuba River,
an auxiliary dam on Dry Creek, and a regulating dam down-
stream on the Yuba River. The main dam on the Yuba River at
Parks Bar about 10 miles above Marysville, California, will
be about 360 feet high and 7,000 feet in length. Gross
reservoir storage capacity will be 916,000 acre-feet.

Four sites were considered for the project: the present
Parks Bar site, a site near Browns Valley about 4 miles down-
stream, and two other sites. A dam at the third site would
have inundated an existing dam and power plant and was elim-
inated without subsurface investigation. The fourth site was
located much higher on the drainage basin, would have con-
trolled a much smaller drainage area than the downstream
sites, and was also eliminated without subsurface exploration.

The Corps began subsurface explorations for preliminary
site selection in 1964 at the Browns Valley site. A dam at
this site was recommended in the 1966 review report which re-
sulted in congressional authorization of the project. During
1974 the fuel and energy shortage prompted reassessment of
power benefits and reevaluation of the alternate Parks Bar
site. Subsequent subsurface exploration of this site in-
cluded 10 core drill holes in both abutments and the valley,
as well as a seismic survey and a fuel evaluation study. The
Parks Bar/Dry Creek site had been previously investigated by
the State of California, including a total of 16 core drill
holes at the two locations.

The District estimated that contruction costs at the
Parks Bar site would be higher than at the Browns Valley site,
but projected that a dam at the Parks Bar site would also have
a higher benefit-cost ratio. This site also had better foun-
dation conditions, but the District cited social betterment,
higher benefit-cost ratio, and environmental factors in its
selection. The changes in site and power installation were
described in the July 1975 Post-Authorization Change Report.
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CONCLUSIONS

Except for the Bureau's very limited use of an
independent review process to assess the adequacy of site in~
vestigations for individual projects, we found no major dif-
ference in Bureau and Corps procedures for investigating and
selecting damsites from the standpoint of safety. A wide
variety of investigations are performed in both agencies to
define site conditions so that safe designs can be developed.
Designers in both agencies play key roles in determining what
types of investigations are needed and how much exploration
should be done. Both agencies evaluate alternative damsites
and will abandon a site if it is judged unsafe.

Following site selection procedures, however, will not
necessarily lead to adequate investigations of damsites.
Designers and geologists must use a great deal of judgment to
determine how much exploration is needed to define the unique
conditions of each site. As such, we believe the use of con-
sultants to independently evaluate site investigations is a
prudent practice.

The Bureau recently began to use independent consultants
to review site investigations and designs for major dams.
(See ch. 3.) Independent consultants frequently have been
used for such purposes in the Corps and many other agencies
we visited. We believe that the use of these consultants,
coupled with existing site selection procedures, will better
assist in adequately defining site conditions and developing
safe designs. We also believe that the independent reviews
will become even more important in the future due to the
relative complexity of the remaining damsites.
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CHAPTER 3

QUESTIONABLE DESIGN PRACTICES INDICATE A NEED

FOR INDEPENDENT REVIEW PROCESSES

In December 1976 the Independent Panel completed their
investigation of the failure of the Bureau's Teton Dam. The
Panel concluded that,

"* * *ynder difficult conditions that called for
the best judgment and experience of the engi-
neering profession, an unfortunate choice of
design measures together with less than conven-
tional precautions was taken to ensure the ade-
guate functioning of the Teton Dam, and these
circumstances ultimately led to its failure."

some of the design measures that the Independent Panel .
guestioned are as follows:

—--The extensive and costly program to seal the
leaky foundation under the dam with a cement and
sand mixture, called grout, may have been in-
effective in preventing erosive seepage from
occurring. The Panel guestioned both the design
of this "grout curtain" in the rock foundation
and the high degree of dependence placed on it.
It said the design should have provided other
means to render inevitable seepage harmless.

—-There were not adequate defenses in the dam such
as filters and proper drainage to neutralize
seepage going through the dam. Erodible silt
material was placed against many open cracks in
the foundation rock instead of first placing
coarser material over the rock that would help
to prevent erosion by preventing the movement of
fine grained soil by seepage water. Also, the
material used to provide drainage within the dam
may not have been porous enough to provide
adequate drainage. The Panel concluded that
inadequate provisions for the safe discharge of
seepage was one of the design decisions that
caused the failure of the Teton Dam.

--The development of cracks in the dam could

initiate dam failure because of the inadequate
measures taken to control seepage. The Panel
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said that the shape of a deep trench, called "key
trench", excavated in the canyon walls to control
‘seepage was conducive to the development of
cracks.

Corps officials stressed the importance of providing
multiple defenses in dams to prevent erosion from seepage.
They told us that they use grout curtains only in conjunction
with other measures to control seepage. For example, in
addition to a grout curtain at the Corps' Ririe Dam, cracks
in the rock were filled with grout, and a foundation blanket
was placed on the rock surface to protect the erodible silt
material. 1In addition, a downstream drainage system was pro-
vided that consisted of multiple layers of increasingly more
porous material to safely discharge seepage.

We believe the findings of the Independent Panel
illustrate the need for having an independent review of de-
signs to confirm the adequacy of design decisions made.
Independent consultants were not used to review the Teton
designs. We found that the Corps and other Federal and State
agencies used independent consultants more frequently than
the Bureau to confirm their design decisions and other
decisions upon which the designs were based. The Corps does
not, however, use independent consultants on all its dams.

During the course of our review, the Bureau announced
that an independent review of its designs for all storage dams
will be made by outside consultants. 1In addition, the Depart-
ment has asked for bids from consulting firms to study
whether the Bureau's technical procedures used in planning,
designing, and constructing dams follow reasonable safety
standards within the limits of existing technology.

In light of the findings of the Independent Panel, we
fully support the actions announced by the Bureau and believe
that (1) the independent review process for all storage dams
needs to be made part of the Bureau's instructions and (2)
the independent review of the technical procedures needs to
specifically address the questionable design practices iden-
tified by the Independent Panel. We also believe that the
Corps needs to revise its procedures and practices to require
that its designs and site investigations are reviewed by in-
dependent consultants for all their storage dams where there
is or could be a potential hazard to public safety.

GEOLOGY OF THE TETON DAMSITE

The Teton Dam is located in Eastern Idaho on the Teton
River about 3 miles northeast of Newdale, Idaho. At this
location, the Teton River flows through a steep-walled canyon,
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with walls rising about 280 feet above the canyon floor. The
canyon floor is relatively flat and about 750 feet wide. A
simplified geologic cross section of the damsite is shown on
page 26.

Foundation

At the bottom of the canyon there is up to 100 feet of
stream-deposited alluvial material consisting of two distinct
layers--one of sand and gravel and another of compacted silt
and clay. Buried by the alluvium are the erosional remains of
an intracanyon basalt lava flow, which is hard but intensely
cracked and broken. The most extensive rock at the damsite is
rhyolite (welded ash-flow tuff) which comprises most of the
foundation for the dam. Rhyolite is a hard rock derived from
distant volcanoes no longer active. Although extensive cracks
are common in this rock, the Bureau considered it to be strong
and competent. There were numerous open cracks in both dam
abutments, which increased the permeability (extent to which
water can flow through the rock) of the foundation.

Permeability of the rhyolite

The Bureau conducted a number of tests to assess the
permeability of the foundation. While tests showed thay many
sections of the rhyolite are fairly impermeable, they also
showed that cracks in other sections are capable of carrying
large volumes of water. This is well illustrated by Bureau
pump-in tests where known guantities of water were pumped at
no pressure into holes drilled in the rock over an extended
period of time. At one hole in the right abutment area, 450
gallons of water per minute were pumped into the hole over a
2-week period without ever filling ‘it up. The Head of the
Bureau's Earth Dam Section later said that the Teton damsite
was one of the most pervious foundations on which the Bureau
has ever built a dam.

Rock cavities

During excavation of the foundation, large openings or
fissures in the rock were found in both the left and right
abutments. One opening, for example, was explored by a
Bureau employee for a distance of about 100 feet both down-
stream and upstream of the dam's axis. He described the
cavity on the downstream side as being about 4 feet wide.

He said further exploration was blocked by a large rock. He
said a room or passage could be seen beyond but that the
opening into it was too small to enter. The Independent
Panel concluded that these cavities increase the permeability
of the foundation.
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Available building materials

For economic reasons, designers like to use materials for
construction of earth dams that are at or near the damsite.
Available building materials at Teton included a fine grained
windblown silt material, and alluvial deposits containing sand
and gravel. The sand and gravel was used to provide drainage
in the dam and the silt material formed the dam's water
barrier. Characteristics of the silt material include low per-
meability; however, it is also brittle when compacted, subject
to cracking, and highly erodible.

Seismicity and faulting

The Teton Dam is in a general region classified by USGS
as being subject to earthquake damage. However, both Bureau
and Independent Panel officials concluded that the specific
area of the Teton damsite is relatively seismically quiet.
Bureau officials stated that their conclusion is based on
historical data and, since 1974, on a joint Bureau/USGS pro-
gram to monitor earthquake activity in the project area.
Bureau and Independent Panel officials also concluded that
seismic activity was not a factor in the Teton failure.

Few faults have been identified near the damsite. The
closest two are located about 10 miles upstream and downstream
from the dam. USGS, in 1973, suggested the possible existence
of a fault near the right abutment of the dam. (See ch. 7.)
However, Bureau and Panel officials said their investigations
failed to show that such a fault existed.

TETON DESIGN

The Teton Dam was of a zoned, earthfill embankment that
rose 305 feet above the valley floor. It was about 3,100 feet
long at the crest and contained about 10 million cubic yards of
material. A zoned embankment has a central impervious core
which acts as a water barrier. This central core is flanked by
zones of more pervious materials which enclose, support, and
protect the impervious core. The upstream zone provides sta-
bility to the dam if the reservoir is quickly lowered, and the
downstream zone acts as a drain to control seepage through the
embankment. Specific zones used at Teton and other significant
design features--cutoff trench, key trench, and foundation
grouting--are discussed below.

Zones in the embankment

The Teton Dam, as shown on the drawing on page 28, was
composed of five different zones plus a 3~foot thickness of
rock (riprap) dumped on the upstream slope to provide
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protection from wave action. Zones 1 and 2 were the most
significant zones from the standpoint of leakage.

Zone 1 was the central impervious core and was intended
to form the water barrier of the dam. It was composed of the
windblown silt material and made up over one-half the volume of
the embankment. Bureau officials recognized that this material
was not ideal because of its brittleness and erodibility.
However, it was the only material available in the area that
was suitable for the impervious zone. Bureau officials said
similar material had been successfully used in nine other
Bureau dams, including the Palisades Dam, which is a 260-foot
high structure built in the 1950's.

Zone 2 was a sand-gravel-silt mixture used between the
impervious core and other zones of the embankment. On the
downstream side of the dam it was intended to form a drain to
control seepage through the embankment without allowing the
seepage to carry away the fine grained, silt material.

Cutoff trench

Bureau criteria for earth dams specifies that whenever
economically possible, seepage through a pervious foundation,
such as at Teton, should be cut off by extending a trench to
bedrock or other impervious areas of the foundation and
filling the trench with impervious material. The Teton design
incorporated such a trench, called a cutoff trench, under the -
zone 1 material. Across the canyon floor the trench was ex-
cavated through river-deposited alluvial material until firm
rock was reached. A cross-section of the trench at this lo-
cation can be seen on page 30. Similarly, on the abutments,
the trench was excavated through weathered and loose rock
until firm rock was reached. The cutoff trench was backfilled
with the silt material.

Key trench

Bureau designers concluded it would be more economical to
remove the upper 70 feet of rock on the abutments rather than
try to seal or grout the cracked rock there. As the result,
the Teton design called for the excavation of a deep trench--
key trench--into the rock on both abutments. As shown on the
drawing on page 30, the key trench was to be constructed about
70 feet into the abutment walls, with a base width of 30 feet
and steeply sloping sides. Bureau designers told us that the
key trench was contained within the cutoff trench. They told
us the cutoff trench in the abutments was only excavated a few
feet into the rock. The key trench was backfilled with the
silt material to provide a seepage barrier.
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The Bureau design manuals we reviewed do not discuss a
key trench such as the one built at Teton. Bureau designers
said that Teton was the first dam constructed by the Bureau
that had a key trench of this size.

Grouting

Erosive seepage under the Teton Dam was to be eliminated
through a foundation grouting program. Foundation grouting is
a process of injecting under pressure a fluid sealing mate-
rial, such as cement, into the foundation through specially
drilled holes for the purpose of sealing or filling cracks
and fissures.

According to a Bureau design manual, the grouting of a
foundation is usually performed along a single line of holes
centered 10 to 20 feet apart in the rock foundation for the
purpose of creating a deep, impermeable water barrier
referred to as a grout curtain. Multiple grout curtains may
be used when severely fractured or highly permeable rock is
encountered. The Bureau manual also notes that "blanket
grouting" may be used to reduce leakage in fractured rock
zones and provide a firmer foundation for the dam. Under
blanket grouting, a wider area of cracked rock will be
grouted to a shallow depth, usually 10 to 30 feet, using a
grid pattern of grout holes instead of a single line of
holes. Curtain and blanket grouting methods are illustrated
on page 32.

In 1969, before final designs were prepared, the Bureau .
conducted a pilot grouting program to determine if the Teton
foundation could be effectively sealed. Based on the findings
of this program and other investigations, two significant de-
cisions were made. First, three parallel lines of grout holes
were needed in the bottom of the cutoff and key trenches,
rather than the one line previously planned. Second, a key
trench (see p. 30) would be excavated in the abutments rather
than attempting to grout the highly permeable upper levels of
the foundations. The Teton design also provided for blanket
grouting in the bottom of the cutoff and key trenches at
locations to be determined as work progressed,

QUESTIONABLE DESIGN PRACTICES
AT THE TETON DAM

Grout curtain

The grouting program at the Teton Dam was one of the most
extensive efforts of its kind ever undertaken by the Bureau.
The total program involved drilling 118,000 linear feet of
holes and injecting nearly 600,000 cubic feet of cement, sand,
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and other materials into the foundation at a cost of about $4
million. VYet, the grout curtain may not have been effective
in controlling seepage as intended. The Independent Panel
concluded from its postfailure tests that water could pass
through the grout curtain at several locations. Thus, it con-
cluded that the grout curtain may not have been fully effec-
tive in controlling seepage in the critical key trench area.
The Independent Panel questioned the adequacy of the design of
the grout curtain as well as the heavy reliance placed on it
to control seepage. In addition, there is a question whether
additional measures should have been taken to test the ade-
guacy of the grout curtain after it had been constructed.

The Independent Panel concluded that the construction of
multiple grout curtains at Teton would have been justifiable
in light of the known rock conditions. Although the Bureau
generally used three rows of grout holes at Teton, only the
center row of holes was intended to form a water barrier. As
such, the Panel concluded that only a single grout curtain was
constructed. 1In addition to the construction of multiple
grout curtains, the Panel concluded that closer spacing of
grout holes and drilling the holes at cross angles, instead of
in one direction, may have been warranted to better ensure the
formation of a water-tight barrier.

The Independent Panel also concluded that the Bureau
placed too much reliance on the grout curtain and that the de-
sign should have provided further means to control inevitable
seepage. While we found that construction of grout curtains
is standard practice in the other design organizations we
visited, we found that others do not rely extensively on a
grout curtain to control seepage. Corps officials told us
that grout curtains are never 100-percent effective and are
used only in conjunction with other methods to control seep-
age. For example, although the Corps constructed a grout
curtain at Ririe Dam, other measures such as filters and the
sealing of all cracks in the foundation (see p. 35) were also
used to control seepage.

Bureau officials told us that before grouting a hole,
water was pumped in under pressure to determine if it would
leak out of the hole through cracks in the rock. If such
leaks occurred, they said, grout would be pumped in under
pressure to fill the cracks. ‘

However, the Bureau did not test the adequacy of the
grout curtain after it had been constructed, either through
instrumentation (discussed in ch. 5) or by other means such
as drilling into the constructed grout curtain and water
testing for leaks. While we were told that postconstruction
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water tests are normally not done by dambuilding organizations
we visited, our consultants and TVA officials told us that such
testing is sometimes warranted depending upon conditions en-
countered, such as when the amount of grout pumped into areas
of the foundation is very large. At Teton, some areas of the
foundation took large amounts of grout; the actual amount
pumped into the foundation was over twice that originally es-
timated. Therefore, we believe postconstruction water testing
may have been appropriate for Teton. The following reasons
also justify our belief.

--The Teton damsite was considered one of the most
pervious sites ever built on by the Bureau.

--The Teton design placed a great reliance on the
effectiveness of the grout curtain.

--Multiple grout curtains were not built at Teton
and the relative ineffectiveness of single-row
grout curtains had been questioned for many
years.

--Instrumentation to test the effectiveness of the
Teton grout curtain was not planned or installed.

Filters and drainage

A basic criteria for the safe design of earthfill dams is
that seepage flow occurring through the embankment must be
controlled so that no internal erosion will occur. The proper
design, construction, and use of drainage and filter systems
can help achieve this end. The Bureau defines a filter as a
layer or combination of layers of pervious materials designed
and installed in such a manner as to provide drainage, yet
prevent the movement of soil particles.

While the Teton Dam design made provisions for filtration
and drainage, the Independent Panel raised questions regarding
the lack of filters in key trench areas and the effectiveness
of the downstream drainage system. The Independent Panel con-
cluded that one critical design decision that allowed the
Teton failure to occur was that inadequate provisions were
made for the collection and safe discharge of leakage or
seepage.

The Bureau relied on the Zone 2 material to collect
seepage that would penetrate the impervious core and carry the
seepage safely out of the dam. (See p. 28.) However, the
Independent Panel questioned whether this zone provided
effective drainage because test results indicated that the
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7zone 2 material was nearly as impermeable as the Zone 1
material.

Bureau officials said that the material for Zone 2
was used because it was judged to be adequately permeable
to handle the small volume of seepage that was anticipated.
The material was available in large quantities near the
damsite and, according to Bureau officials, it is both
strong and stable and of the type used in many other dams.

The Independent Panel also guestioned the lack of a
filter on the downstream side of the key trench., As pre-
viously described, the fine, highly erodible Zone 1 material
was placed directly against the highly cracked rock. Thus,
there were many places where seepage going through the key
trench could escape and carry with it the fine grained Zone 1
material.

Bureau designers told us that they considered the use of
a filter in the key trench, but they felt that the water flow
would not be sufficient to cause erosion of the silt material,
and therefore, a filter was not necessary.

We discussed the use of filters and drainage systems with
Corps designers in three districts. They told us their prac-
tice is to always provide for adequate drainage downstream
from the impervious core material. Normally, they said, this
is accomplished through the use of relatively narrow filter
and drainage zones of processed material, many times more per-
meable than the core material. Ririe Dam is an example of the
Corps use of filters in an earth and rockfill dam which con-
tains an impervious core constructed of silt material similar
to that used at Teton. The impervious zone was protected on
all sides by a multizone filter system. The first filter
zone was about 10,000 times more permeable than the impervious
core.

We also reviewed the Corps policy for preventing the
movement of core material into cracks in the foundation rock.
We found that its policy is to either fill or cover all the
cracks in the rock surface with concrete or grout to make such
movement impossible. For silt cores, a foundation blanket of
material slightly more coarse than the fine grained silt core
material may also be laid between the core and the foundation
rock to prevent movement of the silt into cracks in the rock.
At Ririe Dam, for example, a 3-foot thick foundation blanket
was placed between the silt core and the foundation rock. 1In
addition, large cracks were backfilled with concrete and all
small cracks were filled by broomgrouting.
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Shape of the key trench and elimination
of irregularities

The Independent Panel concluded that poor compaction of
the Zone 1 silt material or cracks in the soil placed in the
key trench could have contributed to the failure of the
Teton Dam.

Cracking of soils in earth dams is a well-known
phenomenon due to differences in the amount of settlement at
various places in the embankment of the dam. However, as
pointed out by the Independent Panel, the mere presence of
cracks is not an indication of unsatisfactory design, as
there is a variety of defenses available to the designer to
prevent erosion. At Teton Dam, however, it should have been
apparent, according to the Panel, that cracks through the key
trench would inevitably lead to erosion and create remarkably
efficient avenues for breaching the key trench and initiating
failure. Bureau designers did not provide defenses for large
concentrated water flows through the key trench if cracking
of the relatively brittle silt material took place.

The Independent Panel said that the shape of the key
trench, with its rigid rock walls and steep slopes, was fa-
vorable to the development of cracks through arching and
hydraulic fracturing. Arching (see p. 37) prevents the full
weight of the overlying embankment from bearing on the under-
lying material. If the arching effect reduces the pressure
on the underlying materials sufficiently, water pressure can
crack the soil by the process known as hydraulic fracturing.
Based on observations, tests, and analyses, the Panel con-
cluded that hydraulic fracturing of the soil in the key
trench was a highly probable mechanism for the initial
breaching of the key trench.

The Bureau has stated that the phenomenon of arching and
hydraulic fracturing was not well understood at the time of
design and construction of the Teton Dam. The Panel simi-
larly reported that hydraulic fracturing is not yet fully
understood and deserves research under controlled laboratory
conditions. We believe, however, that the lack of under-
standing of these concepts illustrates that the state-of-the-
art of dambuilding has not reached a point where designers
can predict all probelms that must be dealt with. As such,
we believe it is important to design adequate defenses into a
dam to handle expected, as well as unexpected, conditions.

The Panel said that in the bottom of the key trench in
the vicinity of the failure, there was a concentration of
steps and overhanging rocks which made proper compaction of
soil in the trench difficult and was conducive to arching as
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EROSION DIAGRAMS

Zone of low stresses in fill

First order arching in fill over and
between walls of key trench

Zone of low stresses in fill

Second order arching produced by longitudinal
topography of rock surface in key trench

Source: Report to U.S. Department of the Interior and State of Idaho on *Failure of Teton Dam”
dated December 1976, Independent Panel to Review Cause of Teton Dam Faiture,

37



well. (See p. 37.) Compaction was important to provide a
good bond between the silt material and the foundation rock
and to seal the small cracks in the foundation.

We discussed the elimination of overhanging rocks and
other foundation irregularities with Corps and TVA officials.
They said there is a practical limit on how much can be real-
istically done to eliminate all irregularities that might be
conducive to poor compaction or cracking. For this reason,
they said, it is important to design adequate defenses into
the dam, such as drainage and filter systems to control seep-
age conditions. Corps officials added, however, that under
no circumstances would overhangs be permitted to remain in
the foundation or abutment contacts beneath the impervious
core. They said the overhangs would be eliminated by excava-
tion or by placing concrete under the overhanging rock.

Actions being taken

On February 11, 1977, the Department of the Interior
issued a request for proposal for an independent review of its
technical procedures for building dams. The general objective
is to determine if the procedures used in planning, design,
research, construction, operation, and maintenance follow rea-
sonable safety standards. One of the specific objectives is
to determine the degree to which the Bureau is applying state-
of-the-art technology in the design of concrete and earthfill
dams. Another aspect of this review is discussed on page 40.

NEED FOR INDEPENDENT REVIEW PROCESSES

Until February 1977, the Bureau did not have an
independent site investigation and design review process for
all dams. Detailed, technical review of the design, and the
adequacy of the site investigations upon which that design
was based, was generally limited to the branch responsible
for preparation of the design. Reviews were made at higher
levels, but these reviews were not detailed, and the re-
viewers often did not have the background necessary to make a
detailed technical review. For example, the former Chief of
the Division of Design's detailed experience was primarily in
designing steel structures, including power plants. Even the
Section Head may not have detailed design experience for the
type of dam designed by his section. We found the former
Head of the Concrete Dam Section was not experienced in the
detailed design of concrete dams.

In addition, outside consultants were used sparingly to
review an overall project design for Bureau dams. Bureau in-
structions permit use of cutside consultants to do design work
where unusual or special problems are involved and it would be

I4
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uneconomical to staff for these special problems. However, as
reported by an Interior Review Team in a December 1976 study
of Bureau procedures, the Bureau has made very little use of
outside consultants and this use has generally been limited to
input on specific problems as opposed to design review. Of

the five projects we reviewed where the Bureau had started or
completed construction, independent consultants were used on
one project to perform an overall review of the project design,
as of December 1976.

In contrast, the Corps has a comprehensive and multilevel
system for independent internal review of the planning and de-
sign of its dams, and the adequacy of the site investigations
upon which the designs were based. 1In addition to informal
reviews at the district responsible for preparing the design,
the Corps conducts more independent, formal reviews at the
division and OCE levels.

Also, Corps officials in the OCE and the three districts
we reviewed told us that the Corps frequently has independent
consultants assist in or review the design of major or com-
plex projects. Corps instructions provide that consultants
may be used in the planning and design of projects of major
importance or involving unusual or complex engineering
problems. These instructions also state that the consultants
can be used for (1) guidance and advice on site selection and
investigation, project design, and construction and (2) inde-
pendent review of the safety and efficiency of the Corps'
design. However, independent consultants were not used for
advice or design review for two of the nine Corps projects
included in our review.

Other dam design organizations we contacted told us that
they routinely use outside consultants to review designs for
major dams. TVA officials told us that they use an independ-
ent consulting board to perform an overall design review for
any dam they build of considerable height and/or difficulty.
Federal Power Commission officials told us that they require
all applicants for licenses on major non-Federal hydro-
electric projects to hire an independent consulting board to
perform an overall design review., State of California
Department of Water Resources officials told us that they re-
quire an independent review of all non-Federal dams in the
State.

Actions being taken

Since the failure of the Teton Dam, the Bureau has taken
two significant actions to improve its review processes,
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First, in January 1977, the Commissioner of Reclamation
announced that the Bureau will use independent consultants to
evaluate Bureau designs for all future major dams. According
to the Bureau's Chief of General Engineering, this review
process will be applied to all Bureau storage dams. On
February 25, 1977, the Commissioner advised the E&R Center
that independent reviews would be approved and the Bureau
instructions should be modified to recognize this change in
policy. At the conclusion of our review in April 1977, the
Bureau was using independent consultants on its Lonetree
Dam, but Bureau instructions had not been changed.

Second, on February 11, 1977, the Department of the
Interior issued a reguest for proposal for a contractor to re-
view the adequacy of the Bureau's procedures for building
dams. One of the objectives is to evaluate the effectiveness
of the Bureau's internal review system and to make appropriate
recommendations for improvements necessary. At the conclusion
of our review in April 1977, the contract for this review had
not been awarded.

RECOMMENDATIONS

In light of the gquestionable design practices the Bureau
used at the Teton Dam, and the apparent weaknesses in its in-
ternal review system, we fully support the Bureau's decision
to use independent consultants to review project designs and
the corresponding site investigations for all storage dams.
We recommend that the Secretary of the Interior ensure that
this policy change is incorporated into Bureau instructions.

We also recommend that the Secretary of Defense regquire
that the Corps of Engineers revise their procedures and
practices to ensure that designs and site investigations are
reviewed by independent consultants for all its storage dams
where there is, or could be, potential hazard to public safety.

We also support the Department's decision to retain an
independent consultant to review the Bureau's internal design
and site investigation review process, and evaluate its
technical procedures for investigating and designing dams.
Regarding the technical review portion of this study, we
recommend that the Secretary of the Interior ensure that the
Bureau's policies, procedures, and practices be reviewed
relative to

-~relying on grout curtains,

--postconstruction testing of grout curtain
effectiveness,
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--controlling seepage through the use of
drainage and filter systems within the
embankment and against rock surfaces,

--removing irregularities in rock surfaces,
and

-~-shaping key trenches and cutoff trenches.

We also recommend that this review be structured so that it
can be used to help satisfy the requirements of the
President's April 23, 1977, memorandum for a report on Bureau
practices which could affect dam safety and integrity.

(See ch. 8.)

41



CHAPTER 4

NEED TO BETTER ENSURE THAT THE INTENT OF

BUREAU DESIGNERS IS CARRIED OUT

The Bureau needs to change its policies and procedures
to better ensure that the intent of its designers is ade-
quately implemented during project construction.

The principal Bureau designer of the Teton Dam told us
that he had intended that all open cracks in the foundation
rock under the highly erodible silt core should be sealed.
Bureau officials told us that this intent was not fully car-
ried out because of unclear instructions, drawings, and
specifications and misinterpretations by project staff.
Moreover, we found that the designers assigned to the project
did not visit the Teton Dam site at critical points when the
cracks should have been treated.

The possible consequence of the limited treatment of
open cracks in the key trench was pointed out by the Inde-
pendent Panel which concluded that the open untreated cracks
were a contributing factor in the failure of the Teton Dam.
The Panel said that wherever the highly erodible silt ma-
terial was subjected to the action of flowing water, the
material would be "attacked" and washed away rapidly. It
said that the open cracks provided an access for flowing
water to penetrate the upstream side of the silt-filled
key trench and provided exits on the downstream side
through which the water could erode the silt material.

We believe the circumstances regarding treatment of
cracks clearly illustrates the need for the Bureau to de-
velop clear instructions and drawings. Even then, how-
ever, misinterpretations can develop or site conditions
actually found may necessitate changes in design. For these
reasons, we believe that Bureau designers need to visit the
site frequently to better ensure the design intent is
achieved.

MISUNDERSTANDING OF
DESIGNER'S INTENT

Sections of the "Design Considerations” supported the
principal Bureau designer's intent that cracks next to the
erodible silt should be sealed. The Design Considerations
is a document developed by the designers and provided to
assist onsite Bureau personnel in understanding the dam
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design and carrying out supervision and inspection of the
construction effort.

The Design Considerations for Teton Dam said:

"Open joints or cracks found in the bottom of the
-foundation key trench and cutoff trench are to be
treated by (1) cleaning out the crack with air and/
or water jets, (2) setting grout pipe nipples in
the crack, (3) sealing the surface by caulking and/
or grout, (4) drilling, if required, and (5) low-
pressure grouting through the nipples."

The Bureau designers also showed us sections of the
Design Considerations that said the foundation key trench
was contained within the bottom of the cutoff trench.
Therefore, they said, cracks in all of the key trench, in-
cluding the walls, as well as areas outside the key trench
under the erodible material, should have been treated.
However, as pointed out by the Independent Panel and by
the Project Construction Engineer at Teton, open cracks in
all these areas were not filled with grout. The Project
Construction Engineer told us that for the most part, open
cracks in the key trench walls were not filled at all;
the filling of cracks outside the key trench was limited
to lower elevations in the dam, and then only for the
larger cracks--about 1/2-inch wide or wider.

There appear to be several reasons why the actual
treated areas differed from what was apparently intended.
These reasons are described below.

Unclear definition of cutoff trench boundary

Bureau designers and the Project Construction Engineer
told us that statements in the Design Considerations that
define the boundaries of the cutoff trench are not clear,
These statements are important because they define the
areas under the Zone 1 silt material where cracks should
be filled with grout. They added that the Design Considera-
tion did not include drawings to clarify the relationship
between the cutoff trench and the key trench, but the
document refers to various drawings that are included in
the construction specifications. However, according to ‘the
Project Construction Engineer and the designers, these
drawings in the specifications do not clearly identify the
boundaries of the cutoff trench on the abutments. Because
both the Design Considerations and the design drawings are
unclear, misinterpretations developed.
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The Bureau's Project Construction Engineer told us he
did not know that the designers considered areas outside the
key trench to be within the cutoff trench; thus, this is one
reason, he said, why he and his staff did not treat all
open cracks in these areas. He also told us that even had
he understood this, the Design Considerations does not clearly
indicate that the key trench walls and areas outside the key
trench should be treated.

Unclear construction specifications

The construction contractor is required to comply with
the construction contract specifications, not the Design Con-
siderations. However, the specifications did not contain
provisions for the treatment of cracks other than through
blanket and curtain grouting in the bottom of the cutoff and
key trenches. Further, they did not contain statements
similar to those contained in the Design Considerations. 1In
regard to blanket grouting, the specifications, did not say
under what conditions blanket grouting was to be used, only
that it was to be carried out as directed. Both the de-
signers and the Project Construction Engineer said the con-
tract specifications should have been more specific.

INADEQUATE INVOLVEMENT BY DESIGNERS IN THE
CONSTRUCTION PHASE

The Project Construction Engineer told us that the de-
signers did not provide adequate guidance or direction dur-
ing construction concerning treatment of open cracks. He
said, for example, that the suggestion to use slurry grout
to fill large cracks in the foundation rock was made by his
staff, not the designers. He told us that this suggestion
was made because his staff believed that large cracks should
be filled. He also told us that the designers did not gques-
tion the extent to which cracks were treated until after the
dam failed.

Bureau designers told us that it was now evident to
them that the design group should have been more involved
with the project throughout the construction phase. Based
on a record of onsite trips by E&R Center personnel, we
found that earth dam designers visited the Teton site three
times after construction started in March 1972. The trips
included one in October 1972 to inspect construction of the
river outlet works and one in November 1973 to inspect the
cutoff trench excavation before laying the embankment ma-
terial. From November 1973 until November 1975, when the
embankment was completed, only one trip--~in March 1974 to
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examine voids exposed in the right abutment--was made by
Bureau designers. Treatment of all of the cracks in the
right abutment with slurry grout was performed between
August 1974 and August 1975.

Bureau officials told us that there are no written
instructions which specify when designers should visit the
site during construction. In practice, they said that
visits are generally made just before placing embankment
material. After that, they said, trips are generally only
made in response to specific problems rather than for a
general inspection.

In contrast, a Corps engineering and design manual for
earth and rockfill dams stresses the importance of making
regularly scheduled visits to the damsite during construction
by project designers. At the three districts we visited, we
were told that damsite visits by designers were made monthly
or more frequently if requested to do so by construction
personnel., At Ririe Dam, for example, we were told that
designers from the district visited the site about once a
month, although records of all visits were not available.

RECOMMENDATIONS

We recommend that the Secretary of Interior direct the
Bureau of Reclamation to establish written procedures to
better ensure that design intent is achieved. 1In so doing
the Bureau should: (1) evaluate and implement ways to im-
prove the clarity of instructions, specifications, and
drawings; (2) evaluate and implement ways to better ensure
that onsite personnel fully understand the intent of the
designers; and, (3) develop and implement policies and
procedures calling for more freguent onsite inspections by
designers during construction.
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CHAPTER 5

MORE EFFECTIVE SURVEILLANCE PROCEDURES NEEDED

TO MONITOR AND CONTROL DAM SAFETY

DURING RESERVOIR FILLINGS

Several key monitoring and control measures were not
available when the Teton Dam failed. For example:

--Instruments for detecting seepage were not in-
stalled at the Teton Dam because Bureau de-
signers were confident that Teton was adeguately
designed to protect against erosive seepage.

--Information available to Bureau personnel at
the damsite during the weeks preceeding the
failure which, according to Bureau designers,
could have given a clue as to the seepage
conditions affecting the dam routinely was
sent from the project to the E&R Center
arriving the day after the failure.

--Visual observations at the dam were not made
on a 24-hour basis during the critical initial
reservoir filling stage; consequently, evidence
of erosion from the leak was not observed until
the project staff arrived at the damsite about
5 hours before the failure.

--Bureau designers intended to fill the Teton Dam
reservoir slowly to observe the behavior of
the dam and to allow them to take remedial
actions if problems developed. However, devi-
ations of up to 4 times more than the filling
rate originally approved had to be permitted by
the Bureau because the filling began before the
main river outlet drain was available.
Apparently, the decision to begin filling the
reservoir and to cointinue filling it without the
availability of the main river outlet drain was
made to avoid the possibility of incurring con-
tractor claims because of another inconsistency
between the Design Considerations and the
contract specifications.
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--~When the evidence of erosion from the leak
in the Teton Dam was discovered, the Bureau's '
staff at the project could not immediately
open the main river outlet drain because
another contractor was behind schedule in
completing his work on this structure,

No one knows whether the leak at Teton would have devel-
oped as quickly as it did or whether the failure could have
been prevented if the reservoir would have been filled slowly
and the main river outlet drain had been available as planned
to release water. However, with no instrumentation installed
at the dam to determine whether the leaky foundation rock had
been sealed or whether potentially dangerous cracks were de-
veloping, with no adequate means for quickly recognizing con-
ditions that could adversely affect dam safety, and with no
way to open the main river outlet drain immediately when an
emergency is recognized, we believe the Bureau took unneces-
sary safety risks and placed too much reliance on the adequacy
of its design.

Many of the circumstances described above are strikingly
similar to those which previously occurred in 1965 when the
Bureau's Fontenelle Dam on the Green River in Wyoming devel-
oped a very large leak in the right abutment. However, the
leak developed much slower at Fontenelle and the Bureau was
able to lower the reservoir before a failure occurred.

In a 1967 paper on the Fontenelle experience, the Bureau's
Chief Engineer concluded that a slow, controlled filling of
reservoirs was needed where unfavorable foundation conditions
are known to exist. Nevertheless, at Teton over 10 years
later, this seemingly valuable lesson was not applied.

Although Corps practices for monitoring and controlling
dam safety during reservoir filling generally were better
than those used by the Bureau at Teton, both the Corps and
the Bureau have procedural gaps in their monitoring and con-
trol programs which could seriously reduce their capabilities
to detect and rectify problems that develop in a dam during
initial reservoir filling. Improved policies and procedures
in both organizations are needed regarding (1) requirements
for the amount and use of instrumentation for monitoring
changing conditions inside the dam and the abutments, (2) re-
quirements for visual inspections during reservoir filling,
(3) availability and capacity of outlet drains, and (4)
appropriate reservoir filling criteria.

Even when monitoring policies and procedures are estab-

lished or better defined, designers and others will still
have to use a good deal of judgment concerning the adequacy
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of instrumentation, capacity of outlet drains, and other
factors. Because of the judgment required, we believe
that an independent design review process, like that dis-
cussed in chapter 3, can be an effective means to better
ensure that designers and others who formulate monitoring
programs systematically evaluate various surveillance
methods and recommend appropriate solutions. Together, an
independent design review and improved monitoring and
control procedures should provide a means of better
ensuring dam safety.

INADEQUATE AMOUNT AND USE OF
INSTRUMENTATION

The Head of the Bureau's Earth Dams Section told us
that instruments that may have detected leaks at Teton Dam
were not used because designers believed that Teton was
adequately designed to protect the dam from erosive seepage.
He said that because of their past experience, they believe
they can predict the structural behavior of many earth dams
as they are subjected to reservoir water pressures. As a
result, they have decreased their instrumentation levels in
earth dams over the last decade.

Because these instruments were not installed at Teton
Dam, damsite personnel could not determine whether the leaky
foundation rock had been sealed or whether potentially
dangerous cracks were developing in the dam that would allow
erosive seepage to occur. As a result, project officials
had little advance warning that anything was wrong until
major dam leaks appeared on the morning of the failure. By
then, however, it was too late to remedy the extensive
erosion that had already taken place.

Degree of instrumentation among agencies

None of the agencies we contacted had written proce-
dures governing minimum types of instruments 1/ for dams.

1/Instruments commonly found at more recent major earthfill

" or rockfill dams being built include piezometers, obser-
vation wells, and weirs to monitor seepage characteristics
and drainage, and surface monuments and other devices to
measure earth movement. In concrete dams, instrumentation
usually includes stress meters and strain gauges to measure
internal stress; plumblines and collimation systems to mon-
itor deflection of the dam; deformation meters to measure
foundation deformation; drainage collection systems to
monitor seepage; piezometers to measure uplift pressure; and
thermometers to measure concrete and reservoir temperatures.
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However, design personnel at the Corps, TVA, and the State
of California Department of Water Resources told us that,
as a matter of practice, they install certain minimum
instruments at all major earth dams including devices to
monitor seepage in the dam and/or its foundation.

In contrast, the Bureau designers told us that they
do not install instruments that could detect seepage at all
their major earth dams. Instead, decisions on the types
and amounts of instruments needed are made by designers
based largely on their experience and judgment,

In some cases, Bureau dams are instrumented extensively.
For example, at the Auburn Dam, which will be a concrete
arch structure, the Bureau will install a large number and a
wide variety of instrumentation to measure movement in the
dam and its foundation, pressures under the dam, earthquake
motion, stresses and strains in the dam, and temperature of
the dam and reservoir. Because of the importance of the
project, uniqueness of the structure, and the complicated
nature of the foundation, there will be, in most cases, two
types of instruments to measure each behavioral character-
istic on which the designers want data. Also, data on many
of the instruments will be read and recorded automatically.

In contrast, Bureau designers told us that the only
instruments 1/ to be installed at Teton were to measure
movement of the dam and earthquake activity in the immediate
area. However, Bureau officials told us that the contract
specifications were not clear as to when these instruments
would be installed. The contractor had not completed
installation of these devices when the failure occurred.

A system of observation wells also was established near
the dam to determine seepage losses from the reservoir and
to monitor lowland areas where potential damage from
reservoir seepage could occur. The purpose of the wells,
however, had little relation to dam safety.

1/According to the Bureau designers, instrumentation at the
Teton Dam was to consist of surface settlement points to
measure earth movement, and strong motion accelographs at
the crest and base of the dam to measure earthquake activity.
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In reviewing the amount of instrumentation at Teton,
the Independent Panel stated:

"For a dam of this size and complexity, facilities
for measurement usually would include surface monu-
ments for gaging vertical and horizontal movements,
cross-arm settlement devices and/or slope indicators
to measure internal embankment movement, piezometers
to monitor water pressures within the f£ill and in
the foundation, weirs or other devices to measure
seepage, wells for observation of water level in
the reservoir environs, and instruments such as
accelerometers to measure earth tremors."

Based on the Panel findings and practices of other
agencies, we believe that instrumentation to monitor the
Teton Dam was inadequate by most industry standards.

In 1965 the safety of the Fontenelle Dam, a 128-foot
high structure on the Green River in Wyoming, was threat-
ened when a very lardge leak developed in the embankment near
the right abutment. Since there was no instrumentation
inside the dam to measure seepage, the leak was not detected
until it appeared on the dam face. However, unlike the
Teton Dam, the Fontenelle reservoir could be lowered before
the dam failed because of unusually large drains or outlets.

Because the leak at Teton appeared to develop very
quickly, the dam may have failed despite any amount of
instrumentation available. On the other hand, the Head of
the Bureau's Earth Dams Section said that the cost of in-
stalling such instrumentation was very small in relation to
the total project costs. We believe that more instrumentation
at Teton, such as that discussed by the Independent Panel,
would have provided an added margin of safety and would have
been worth the extra money.

We also believe that the Bureau and the Corps should
reevaluate their policies and establish procedures which set
forth the number and types of instrumentation and the con-
ditions under which they should be used. We further believe
that the Bureau and the Corps should establish a requirement
that all instrumentation should be installed prior to reservoir
filling.

Frequency of reading and reporting
instrumentation data

For about a month before the Teton Dam failure, water
levels had been rising rapidly in observation wells which
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the Bureau set up to monitor ground water levels. At times,
water levels in wells located on the right abutment, including
one at the downstream end of the grout curtain, were rising
faster than the water in the reservoir. (See pp. 52 and 53.)
The rapid rises in the wells had different meaning and
significance to various people associated with the project.

The Project Construction Engineer at the Teton site told
us that he expected rapid rises in the wells and that he did
not believe that such rises were alarming. Although the
weekly frequency of well readings was changed to twice weekly,
he said that the once-a-month schedule for transmitting the
data to the E&R Center at Denver was not changed.

The ground water specialist at the E&R Center who
helped set up the observation well system said that the well
readings indicated to him that seepage at the site was
greater than he expected. Further, he said the fact that
water levels in the wells were in some cases rising faster
than the reservoir was an unusual situation, which in retro-
spect, should have raised a "red flag" to more carefully
monitor seepage near the dam.

Bureau designers told us that although the purpose of
the wells had little relation to dam safety, they neverthe-
less provided clues to seepage conditions near the dam. The
Head of the Bureau's Dams Branch said that he and others in
the Branch routinely received and reviewed the observation
well data. He said that there was no agreement with project
personnel to immediately inform designers if water levels in
the wells exceeded a certain level over a period of time,

He and other designers told us that the increases of water
levels in the wells for the final weeks in May indicated
that the water was moving rapidly into the abutments; how-
ever, this data was sent routinely from the project to the
E&R Center. It arrived the day after the failure. The
onsite project staff, which had no criteria for evaluating
the data, did not view the seepage data as unusual.

Bureau designers told us that had they seen such
information earlier, they probably would have initiated
action to check the accuracy of the data and to evaluate the
effects of the seepage, if any, on dam safety. They told us
that this could have led to opening the main river outlet to
drain a portion of the reservoir.

This situation raises a question as to whether instru-
mentation systems at Bureau dams are read and analyzed by
qualified personnel in a timely way so as to quickly
recognize conditons that could adversely affect dam safety.
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Bureau designers told us that oftentimes project personnel
would not be capable of recognizing abnormal instrumentation
readings because they are not technically qualified to in-
terpret the data or because expected ranges for instru-
mentation readings are not established to provide a basis
for identifying potentially serious problems. Hence, most
of the data is sent to the E&R Center where it is analyzed.

The ability of Bureau designers to identify any
problems from instrumentation data is dependent to a large
extent on how frequent the instruments are read at the site,
and how fast the data is sent to the E&R Center. According
to the Bureau's "Earth Manual," instrumentation in earth
dams is read at least semiannually during the first year of
operation. Piezometers, for example, which are instruments
commonly found in earth dams to measure seepage conditions,
are read monthly under normal conditions and twice monthly
when the reservoir changes more than 10 feet in 15 days.
The Head of the Bureau's Concrete Dams Section said that
most instruments in the Bureau's concrete dams are read
monthly during initial filling, and some may be read more
frequently depending upon the situation at a particular
dam. We were told that instrumentation data for both earth
and concrete dams are normally sent to the E&R Center once
each month,

Corps practices appear to differ substantially with
those of the Bureau in this regard. Further, practices for
reading and transmitting instrumentation data also varied
among the three districts we reviewed. Based on discussions
with district officials and a review of several Corps dams,
we found that onsite personnel in the Walla Walla and
Portland Districts read instruments such as piezometers and
weirs daily during reservoir filling. The readings are also
sent to the districts the same day. The Sacramento District
requires weekly or monthly readings depending on the reser-
voir fill rate. District officials told us that the data is
sent to them immediately.

The qualifications of the onsite personnel reading the
instruments varied among the districts also. Walla Walla
District officials told us that a designer is at the dam-
site during critical stages of reservoir filling to read and
analyze the instruments and to initiate any action necessary
if readings are abnormal. The Chief of the Foundation and
Materials Branch in Portland said that the damsite staff in
the district include engineers who understand design concepts
and who are able to interpret instrumentation data to a
certain degree. 1In the Sacramento District we found that
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Corps park rangers and maintenance workers, with little dam
design and construction background, read instruments anhd
transmit the data to the district.

Because of the differences in this regard between the
Corps and the Bureau and among Corps districts, and due to
the importance of instrumentation systems as a means of de-
tecting problems affecting the safety of the dam, we be-
lieve that the Bureau and Corps should reevaluate whether
their current practices need improvement. There are a num-
ber of key questions to be considered. Should the Corps
and Bureau establish expected ranges for instruments at a
particular site so that onsite personnel can more readily
recognize adverse conditions which may affect dam safety?
What should be the qualifications for personnel who read and
record instrumentation data at the damsite? Should certain
types of instrumentation, such as piezometers, be read
and reported more frequently by the Bureau during critical
stages of construction and reservoir filling?

VISUAL INSPECTIONS

Since any instrumentation designed for Teton Dam was
not completely operational when the reservoir was being
filled, the Project Construction Engineer told us that
daily visual observations by the project staff were the
only means to monitor dam behavior. However, the effective-
ness of the visual inspections as a means of identifying
potential trouble spots in the dam was limited in as much
as the inspections were generally made only during daylight
hours. The possible consequences of such limited inspections
at Teton depends on when the leak started. If, for example,
the dam began leaking at night and project staff were at
the site making periodic inspections, the Bureau would have
had more time to devise strategies for controlling or
remedying the leak.

The first indication that something was wrong at the
Teton damsite came at about 7 a.m. on the day of the
failure when the project staff arrived at the damsite and
noticed muddy water coming out of the right abutment rock
near the base of the dam. The project staff had noticed
seepage in this area the day before the failure, but they
stated that they considered it normal since the water was
clear and there was no evidence of erosion. Since inspec-
tions had not been made of this area since 9 p.m. the night
before, no one knows when the evidence of erosive seepage
became visible. The dam collapsed at about 12 noon, only
5 hours after the first sign of erosive seepage was noticed.
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In a broader context, Bureau officials told us that
often surveillance at night or on weekends and holidays is
minimal or lacking altogether at many of their dams during
reservoir filling. Corps officials told us that sometimes
surveillance is lacking at night for its dams. We believe
the Corps and the Bureau should adopt a system of 24-hour
surveillance during critical stages of construction because
(1) dambuilders could detect a problem sooner and could
immediately begin repairs and/or plans to notify downstream
residents through radio and television announcements and
other means and (2) if a problem surfaces guickly, as it did
at Teton, a failure could occur at night and, without warning,
result in far greater deaths and property damage. Local law
enforcement officials in communities below the dam and many
Bureau officials we talked with all agreed that if the
Teton Dam had collapsed during the night, many more lives
would have been lost.

INADEQUATE RESPONSE CAPABILITY

Bureau designers had intended to fill the Teton Dam
reservoir slowly to observe the behavior of the dam and to
allow remedial action if problems developed. Two drains or
outlets-~a main river outlet and a smaller auxiliary river
outlet--were designed in the dam to regulate the height of
the reservoir.

The following chronology of key events shows that the
Bureau compromised dam safety by filling the reservoir
before the main river outlet was available. Apparently,
this was done by the Bureau to avoid the possibility of
incurring contractor claims.

Moreover, the chronology also shows that when the leak
in the dam was detected, the project staff could not open
the main river outlet immediately and lower the reservoir
because another contractor was behind schedule in completing
his work.

Chronology of key events

October 1971 The Bureau issued the Design Considerations
for Teton Dam wherein Bureau designers gave
the following instructions concerning
initial filling and reservoir operation:
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Late 1974 or
early 1975

"The performance of the foundation, of the
abutments, and of the embankment of Teton
Dam during initial filling and reservoir
operation is extremely important.

* * * After the spillway, auxiliary outlet
works, and dam embankment have been com-
pleted as required by the specifications,
the river outlet works should be closed on
October 1 (1975) of the final winter

period * * *,

"When the river outlet works is closed, the
auxiliary outlet works must be fully open
and must be kept fully open until the river
outlet works has been completed and ready
for service * * *,

"After May 1 (1976) the flow in the Teton
River exceeds the maximum allowable release
from the auxiliary outlet works of 850 cubic
feet per second, and the capacity of the
river outlet works is needed in order to
control the rate of filling in the reservoir.
It is anticipated that with the river outlet
works completed for service by May 1, storage
in the reservoir could be commenced * * *,

"Unless .adverse performance develops,
unrestricted filling rates will be permitted
to elevation 5,200 (feet). Above elevation
5,200 (feet), initial filling should not
exceed 1 foot per day * * * "

A decision was made to begin filling the
reservoir in October 1975 instead of waiting
until the main river outlet was complete in
May 1976. The Project Construction Engineer
at Teton told us that this decision was made
mainly because the contractor that was to
build and install the turbines in the power
plant needed sufficient water in the
reservoir by mid-May to complete his testing
program. He further told us that the Bureau
had earlier issued specifications which in
effect required the contractor to test the
turbines during May 1976. However, if
instructions in the Design Considerations
were followed, the reservoir would be almost
empty at that time under normal circumstances
He said that after he discussed this conflict
with cognizant designers in the Dams Branch
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October 3, 1975

March 3, 1976

March 23, 1976

April 8, 1976

April 14, 1976

April 30, 1976

at the E&R Center, the designers and he
jointly agreed to begin filling early so that
the turbines could be tested as scheduled in
May, and possible claims from the contractor
for late testing could be avoided.

The main river outlet was closed so that the
contractor could complete its construction.
Initially, the contractor was scheduled to
complete the structure by April 30, 1976.
The auxiliary outlet was opened only par-
tially so that water would begin filling the
reservoir.

The Project Construction Engineer at the
damsite wrote the Director of Design and
Construction at the E&R Center and asked that
the l-foot-per-day filling rate be increased
so that the reservoir could fill more rapidly.
He expressed doubt that the reservoir rise
could be maintained at just 1 foot per day

if river runoffs were large in the spring.

The Director of Design and Construction
relaxed the filling rate for Teton to 2 feet
per day. The Head of the Earth Dams Section
later told us that the designers really had
little choice in increasing the filling rate
since the snowpack in the mountains feeding
the Teton River was considerably above nor-
mal and the resulting runoff exceeded the
capacity of the auxiliary river outlet.

For the first time, the filling rate exceeded
1 foot per day. (See p. 59.) The auxiliary
river outlet was still partially closed at
about one~third of its capacity.

The filling rate exceeded 3 feet per day with
the auxiliary river outlet again open at one-
third its capacity. The 2~-feet-per-day cri-
teria was exceeded again during the period
May 11 to June 5, and on two occasions rose
over 4 feet per day. During this period,

the auxiliary river outlet was fully open.

According to Bureau officials, the main
river outlet was not completed as originally
scheduled because the contractor had not
received the regulating gate from the
manufacturer.

58



6%

a*

TETON DAM

DAILY INCREASE OF RESERVOIR HEIGHT IN FEET
FROM APRIL 1, 1976 TO JUNE 5, 1976

A A

ACTUAL FILLING RATE

N

ORIGINAL PLANNED FILLING RATE

APRIL

Source: GAO graph based on data provided by the Bureau of Reclamation.

MAY

JUNE

re



May 14, 1976 The Head of the Outlet and Spillway Section,
Dams Branch, E&R Center told us that the
main river outlet was essentially completed
although it would have taken 6 to 8 hours to
open because the contractor was still paint-
ing inside and that much timeé would have
been needed to clear the tunnel and put
the discharge pipe cover in place. Painting
was scheduled for completion on June 10,
1976.

June 5, 1976 The Teton Dam failed at 11:57 a.m. About
1 hour earlier one of the project staff was
sent into the main river outlet to make
ready its opening. However, the main river
outlet could not be opened before the
failure because the leak developed quickly
and because of the 6- to 8-hour leadtime
needed.

Given the river runoff experienced for the 3-week period
before dam failure the Bureau said that they could have
limited filling of the reservoir to any desired rate, and
eéven lowered it at a rate of 1 foot a day, if the main river
outlet had been available.

Near failure of Fontenelle Dam

A rapid filling rate played a crucial role in the near
failure of the Fontenelle Dam. Although the 350,000 acre
foot reservoir was lowered before a failure occurred, the
circumstances at Fontenelle are strikingly similar to those
at Teton:

--The foundations at both damsites contained fractured,
cracked rock containing fissures and voids. The
amounts of grout used in the foundations at both
dams were very large.

--To ensure that the foundations at both locations
.were sealed, the designers planned to fill the
reservoir very slowly so that if any leaks occurred,
timely remedial actions could be taken. But the
accumulation of an unusually heavy snowpack and
corresponding runoff at each dam contributed to a
much faster filling rate.

--Neither dam had any instrumentation to measure seepage
conditions inside the dam.
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--Both dams developed leaks during the first filling of
the reservoir at a time when the main outlet works
were not immediately available.

The leak developed much slower at Fontenelle and the
Bureau was able to lower the reservoir before a failure
occurred. (See p. 62.) This was posible due to the
unusually large capacity of the main outlet (17,000 cubic
feet per second versus 3,400 at Teton) and the availability
of outlets in each abutment leading to canal systems. We
were told that the capacity of the main outlet was oversized
at Fontenelle because it was more economical to build a
large outlet and a smaller spillway. Despite the remedial
action taken,at Fontenelle, over 10,000 cubic yards of
embankment material was eroded from the dam before the leak
was stopped.

In a 1967 paper on the Fontenelle experience, the Chief
Engineer of the Bureau concluded:

"This difficulty occurred on first filling of the
reservoir which was unusually rapid due to extremely
large inflows and the fact that the outlet works
were not being used so that some repair work could
be performed. This experience illustrates the need
for slow, controlled filling of reservoirs where un-
favorable foundation conditions are known to exist."

Thus, by averting a disaster at Fontenelle, the Bureau
had seemingly learned a valuable lesson regarding reservoir
filling. Yet, at Teton, over 10 years later, the lesson was
not applied. This time, however, the leak developed very
quickly at a location over 100 feet below the reservoir
water level, and the capacity of the auxiliary outlet, being
much smaller than Fontenelle, could not lower the reservoir
before failure occurred. (See p. 62.)

Procedures needed

We believe that the failure of Teton Dam and the near
failure at Fontenelle Dam should clearly illustrate to dam-
builders the importance of (1) a slow, controlled filling rate
during first filling to closely monitor the behavior of the
dam and (2) an operable outlet of sufficient size to release
enough water to lower the reservoir level when emergencies
arise affecting dam safety.

In relation to the need for a slow, controlled filling
rate, we found that none of the agencies we visited had any
formal criteria. A l-foot-per-day filling criteria has been
specified by the Bureau for some dams during the initial
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filling process, but according to Bureau officials, this is
an unwritten rule of thumb used in certain situations when
designers think it is important to test the abutments and
embankment. The Bureau believes that this cautious filling
rate is slow enough to allow them to take remedial action
before large pressures develop in the reservoir which may
tend to increase leakage.

Corps officials told us that they do not attempt to
limit the £filling rate in many instances because their dams
are designed to withstand any rate of fill. They did say,
however, that where possible a slow filling rate is desir-
able to monitor the behavior of a dam. They also said that
reservoir filling would be halted if instrument readings
indicated a problem.

At the Teton Dam the main river outlet never became
operational. Bureau designers told us that like the Teton
Dam, outlets which are used to divert water are not usually
completed on many of their dams before water begins storing
in the reservoir because it is more economical to install
these outlet works after the reservoir begins filling. They
further stated that, consequently, no control over the water
in the reservoir is available for a period of 4 to 6 months
on many Bureau projects, but that these installations
generally are performed during the nonflood season.

Corps guidelines do not specify when the outlets should
be available in relation to the filling schedule. For every
dam built by the three Corps districts we reviewed, however,
the outlets were completed and available before the beginning
of the reservoir filling process.

TVA and the State of California Department of Water
Resources officials told us that their policy is to have
ready the spillway and outlets before reservoir filling
begins. However, TVA officials told us that the effective-
ness of its outlets to control the reservoir water levels
would be limited at many of its dams, especially during
periods of high river runoffs because the outlets are
not big enough.

TVA's comment about the size of the outlets brings up
another important question: "Aside from the spillway at the
top of the dam, how large should the outlets be to provide
the capability to lower the reservoir during emergencies?"
Bureau and Corps officials told us that the capacity of out-
lets in their dams are such that most of the water in
the reservoirs could be emptied in 90 to 120 days. Officials
in the State of California Department of Water Resources
said that outlets designed for their dams are generally
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large enough to empty at least half of the reservoir in 14
days. Officials at all three agencies told us, however,
that in the case of very large reservoirs, it would be
impractical to build the huge outlets necessary to lower
the reservoir.

We believe that the Bureau should establish a written
policy requiring that outlets be complete before reservoir
filling commences so that slower filling rates can be
maintained. Also, we believe that the Bureau and Corps
should evaluate the need for larger capacity outlets in
dams they design in the future to provide more capability
to lower the reservoir.

RECOMMENDATIONS

We recommend that the Secretary of the Interior direct
the Bureau of Reclamation and the Secretary of Defense direct
the Corps of Engineers to:

--Reevaluate their policies for instrumenting dams
relative to the number and types of instrumentation
that should be used and the frequency for reading
instruments and reporting the data to designers,

As part of this reevaluation, both agencies should
(1) establish written policies for factors that
should be measured at damsites at a minimum re-
gardless of the site conditions, (2) better define
those situations where more than the minimum instru-
mentation should be seriously considered and/or
implemented, and (3) require that all instrumenta-
tion be installed before reservoir filling. Also,
they should establish, where practical, expected
ranges for instruments at a particular site so that
onsite personnel can more readily recognize adverse
conditions which may affect dam safety. Finally,
they should either ensure that the people at the
site are qualified to interpret the instruments or
require that instrumentation data is immediately
sent to knowledgeable designers for analysis.

--Issue instructions to reguire 24-hour surveillance
of dams during critical phases of construction and
reservoir filling for safety and security purposes,

--Establish guidelines for reservoir fillings, giving

special consideration to situations where difficult
foundation conditions exist at the damsite,

64



--Establish a written policy requiring that outlets
be completed and in operating condition prior to
the start of reservoir filling.

--Reevaluate the need for large capacity outlets
(other than the spillway) to provide better capa-
bility to lower reservoirs when serious safety
problems arise.

--Use the independent review process to better en-
sure that designers and others who formulate mon-
itoring programs systematically evaluate various
surveillance methods and recommend appropriate
solutions. (See ch. 3.)
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CHAPTER 6
NEED TO IMPROVE EMERGENCY PREPAREDNESS

PLANS AND PROCEDURES

4

Local officials and people living downstream from the
Teton Dam were warned about an hour before the dam collapsed,
and even then there was confusion about the urgency of the
situation. 1In some instances, people could not be warned in
time. For example, there were no effective means to alert
several people hiking or fishing in the canyon below the
dam, and one of these people died in the flood. 1In addi-
tion, the sheriff in one community, after receiving a call
from the Project Construction Engineer at Teton, did not
understand that the situation was urgent, and notification of
residents did not begin immediately.

CHRONOLOGY OF KEY EVENTS DURING THE FAILURE

A chronology of events on the morning of the failure
helps illustrate the need for improved emergency preparedness
plans and procedures in the Bureau:

7 to 8 a.m. Members of the project staff noticed
muddy water leaking from the base of
the dam.

9 a.m. The Project Construction Engineer

arrived at the dam and began assessing
the situation. He said he saw a major
leak at the downstream base of the
abutment and another smaller leak
estimated to be 900 gallons a minute
about 130 feet from the top of the dam.

9:30 to 10:00 a.m. The Project Construction Engineer said
he called the Pacific Northwest Region
in Boise, Idaho, and the E&R Center in
Denver, Colorado, to inform them of
the leaks.

10 a.m. ‘ The Project Construction Engineer
observed a larger leak estimated at
6,750 gallons a minute on the dam
adjacent to the smaller one which he
had seen earlier. He said from his
point looking directly into the hole,
it was a tunnel about 6 feet in diam-
eter and extending back into the dam
for about 35 feet.
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10:30 to 10:45 a.m.

Two bulldozers were sent to dump rock
into the hole in an attempt to stop the
leak. The Project Construction Engineer
said he called the sheriffs' offices in
in two counties below the dam and ad-
vised them to alert citizens of poten-
tial flooding and to be prepared to
evacuate the area downstream. After re-
ceiving the message from the project
office, the sheriff of one county told
us that he began immediately to notify
residents to prepare for possible
evacuation.

The sheriff in the other county told us
that he did not sense the urgency of
the situation based on the Project
Construction Engineer's comments that
the dam was not in immediate danger,
and that if a failure occurred, it
would probably be a slow process.
Hence, he said immediate action was not
initiated to warn people. He dis-
patched a deputy to the dam and called
a local radio station.

The radio station, however, allowed its
taped programing to continue before
broadcasting a warning because of the
apparent lack of urgency of the situa-
tion. The sheriff told us the urgency
of the situation was not apparent

to him until his deputy called back

to notify him that the dam had failed.
The sheriff commented that if he had
realized the seriousness of the problem,
he could have notified residents im-
mediately and evacuated everyone to
safety, except perhaps those fishing
and hiking in the canyon. He said that,
as it was, county officials simply

did not have enough time to explain

the situation, and many people failed
to understand the seriousness of ‘a

dam failure in relation to other floods
they had lived through. Sheriffs in
both counties said they had established
no emergency preparedness plans in case
of dam failure because no one thought
that the dam would ever fail.
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The Project Construction Engineer said
he also tried to reach the two civil
defense agencies in the county but
their telephone lines were busy. He
told us that he had no radio system

to contact the civil defense offices
and the sheriffs.

Some Corps districts we visited have

a radio communication tie-in with pro-
ject offices at their dams in case
telephones are busy or inoperable dur-
ing emergencies. We believe that the
Corps and Bureau should consider such a
system at all its dams, especially
during reservoir filling.

11 a.m. Project staff noticed a whirlpool
' developing in the reservoir near the
dam. The whirlpool grew large rapidly
and some embankment fell into it.

11:20 a.m. ' The bulldozers which were trying to

- fill the large hole on the face of the
dam fell into it as the erosion pro-
gressed rapidly up the dam toward the
top.

11:57 a.m. The dam collapsed and two cities--Sugar
City (see p. 69) and Rexburg (see p. 70)
~-were damaged heavily by the flood
waters shortly thereafter.

NEED FOR BETTER EMERGENCY PREPAREDNESS
PLANS AND PROCEDURES

As evidenced by the aftermath of the Teton Dam collapse,
a workable system for notifying and evacuating local commu-
nities when critical conditions arise affecting dam safety is
extremely important. Yet, we were told that the Bureau and
Corps do not have definitive, written instructions or guide-
lines setting forth procedures for identifying adverse con-
ditions at a damsite that require immediate notification and/
or evacuation of people downstream of the dam, or for assist-
ing and coordinating with local communities to ensure that an
adequate preparedness plan is developed and understood.
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SUGAR CITY, IDAHO—— FLOODING ON JUNE 5, 1976, CAUSED BY THE FAILURE
OF THE TETON DAM EARLIER THAT MORNING

SOURCE: BUREAU OF RECLAMATION

SUGAR CITY, IDAHO——VACANT FOUNDATIONS WHERE HOUSES WERE WASHED
AWAY AS A RESULT OF THE TETON DAM FAILURE
SOURCE: BUREAU OF RECLAMATION
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REXBURG, IDAHO——FLOODING ON JUNE 5, 1976, CAUSED BY THE FAILURE
OF THE TETON DAM THAT MORNING

SOURCE: BUREAU OF RECLAMATION

REXBURG, IDAHO—-—-HOUSES MOVED FROM THEIR FOUNDATIONS AS A
RESULT OF THE TETON DAM FAILURE

SOURCE: BUREAU OF RECLAMATION
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Additionally, the Bureau has no instructions which assign
specific responsibilities for developing contingency plans
for situations affecting dam safety.

The Project Construction Engineer for Teton Dam told us
that through their own initiative, the project staff prepared
a document entitled "Teton Emergency Notifications." It
contained available Bureau instructions and memorandums
covering internal reporting procedures when unusual or serious
conditions arise, and information on fire prevention and
medical facilities. The project staff also prepared a "Self
Protection Plan" as part of the overall document. This plan
contained instructions for certain types of emergency condi-
tions including fire, bombings, enemy attack, and earthquakes.
However, it did not contain procedures for notifying and
evacuating residents downstream in case of a dam failure,
because project officials did not anticipate that such a
catastrophe would occur.

Sheriffs in both counties told us that the Bureau made
no attempt before the failure to assist the counties in de-
veloping an evacuation plan or to discuss any other matters
pertaining to a dam failure. They agreed that more coordi-
nation between the Bureau and community agencies was needed
to ensure that an adequate emergency preparedness plan was
developed and that emergency conditions are clearly communi-
cated and the consequences understood. Both sheriffs suggested
that public meetings would be a good way to help people un-
derstand the significance of a dam failure and the correct
procedures to follow when evacuation warnings'‘'are given. 1In
addition, they said that inundation maps would be useful to
show the path of the water and areas of flooding after a
failure. These maps would not only be useful to residents in
deciding which areas were safe from flood waters, but also
local officials would know whom to notify first. Currently,
in the State of California, inundation maps are prepared
for all dams recently constructed in the State.

Of the three Corps districts we visited, only the Port-
land District, had prepared formal contingency plans for the
most recently constructed dams in the district. These plans
include names, addresses, and phone numbers of Corps personnel
and local officials who should be notified, and certain emer-
gency procedures that should be followed. The other two
districts provide only lists of names and telephone numbers
of the Corps and local people that should be contacted. Corps
officials told us that usually the project engineer is respon-
sible for judging the seriousness of conditions that require
notification of residents downstream of a dam.

The Sacramento District advised us that it has prepared
contingency plans for earthquake situations--including a
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checklist for immediate post-earthquake inspection and a list
of telephone numbers of local officials to call in the event
dam failure is imminent or occurring--as well as inundation
maps for dams in the area.

In our opinion, the confusion regarding the timeliness
and unclear communications between the project staff and
local officials before the Teton Dam collapsed, coupled
with the fact that they were almost totally unprepared
for the possibility of a dam failure, illustrates the need
for improved emergency preparedness plans and procedures.

RECOMMENDATIONS

We recommend that the Secretary of Defense require the
Corps of Engineers and the Secretary of the Interior direct
the Bureau of Reclamation to:

-—-Revise guidelines and procedures to establish a
stronger emergency preparedness program. Emergency
preparedness plans should be prepared by project
staff for all major dams before reservoirs are
filled. These plans should be approved by regions
or districts and by headquarters staff. The plans
should be submitted for comments to the same inde-
pendent consulting boards who review site investi-
gations and dam design. Moreover, each plan should
be developed and discussed with local community
leaders so that people clearly understand evacua-
tion procedures if an emergency arises. To the ex-
tent possible, the plans should contain a definition
of emergency situations that require immediate noti-
fication of local officials. As a minimum, the plan
should also include names, addresses, and telephone
numbers of key project, regional or district, and
headquarters staff, as well as community officials
to contact. Further, the plan should include maps
which show lands that would be flooded if a fail-
ure occurs.

-~Evaluate the availability and use of radio systems
between damsites and civil defense or other emergency
offices as an alternative means of communications in
case telephones are busy or inoperable during
emergencies.

-~Study the feasibility of using horns or other pub-
licized alarm systems during emergencies to warn
people that may be downstream near the dam. These
systems should be thoroughly explained to the
residents of the area to preclude any confusion as
to their meaning.
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CHAPTER 7

CONSIDERATION OF INFORMATION OBTAINED FROM GEOLOGICAL

SURVEY AND PROBLEMS IDENTIFIED BY OTHER AGENCIES,

GROUPS, OR INDIVIDUALS

As requested by the Subcommittee, we reviewed Bureau and
Corps procedures for obtaining geologic information available
from USGS and the process for handling and answering comments
and inquiries received from other agencies, groups, or
individuals concerning the safety of damsites or designs.

We found that both agencies obtained, on an informal
basis, geological information and studies prepared by USGS
pertaining to proposed damsites. Bureau and Corps represent-
atives with whom we discussed this matter believe that a
formal agreement would be beneficial to better ensure that
all pertinent documents are submitted and that the informa-
tion submitted had the official backing of USGS.

Regarding the answering of inquiries, we noted that the
Corps and the Bureau appeared to have adequate procedures,
They considered the comments and replied when a reply was
requested. We did not evaluate the technical adequacy of
the reponses, nor did we determine in all the cases we
examined whether investigations made to answer these in-
quiries were adequate. We believe that in the future, be-
cause of the technical nature of the information, such
inquiries and replies should be submitted to the independent
consultants (referred to in chs. 2 and 3) for their consid-
eration when they are retained to review the adequacy
of site investigations and design on a particular project.

To determine the adequacy of the procedures used, we
discussed them with geologists, engineers, and supervisors
at all Bureau and Corps offices included in our review.
Also, we reviewed all files on the Teton and Ririe projects
to determine what comments or inquiries had been received
relating to the safety of either the damsite or the design.
At regions or districts we visited, we obtained correspond-
ence from a number of sources relating to the safety of
Auburn and New Melones Dams in California, Palisades Dam in
Idaho, and the Corps' Applegate and Lost Creek Dams in
Oregon. After discussing these inquiries with regional or
district officials, we contacted USGS, the State of
California Department of Water Resources and the Idaho
Water Resources Board for comments about the nature of their
inquiry to the Bureau and Corps on these matters. 1In total,
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we looked at 28 inquiries'relative to the safety of five
dams, and our specific comments follow.

INFORMATION OBTAINED FROM USGS

As stated earlier in chapter 2, Bureau and Corps
planners, geoclogists, and designers informally obtain,
early in the planning process, available geologic infor-
mation such as topographic and geologic maps and written
reports prepared by USGS. There is no formal arrangement
or agreement between the Bureau or Corps and USGS requiring
USGS to provide them with any information it may have re-
garding the geology of a damsite being considered.

The Chief of the Bureau's Geology and Geotechnology
Branch stated that the Bureau has no particular problem
with obtaining this information from USGS. They said, fur-
ther, that sometimes the Bureau is unaware of work being
performed by USGS in an area where the Bureau has a project
under construction or in operation. A Bureau Division of
Design official stated that formal agreement between the
Bureau and USGS could better ensure that the Bureau re-
ceives all pertinent geologic reports. He suggested that
such an agreement should require USGS to provide a listing
of all past reports dealing with the area of interest, any
current or planned effort in the area, and the names of
USGS personnel performing this work. Corps officials at the
district and OCE level stated they had a good informal
working relationship with USGS field personnel for obtain-
ing the results of survey work in areas where it was con-
sidering a damsite. Corps district officials stated,
however, that a formal agreement between the two agencies
at the headquarters level could be beneficial, and would
better ensure that information obtained from USGS person-
nel had the official backing of the agency.

COMMENTS AND INQUIRIES OF OTHER AGENCIES,
GROUPS, AND INDIVIDUALS

Both the Bureau and Corps receive numerous inquires
and comments from other Federal, State, and local agencies,
non-Government organizations, and private citizens concern-
ing the location of sites and the design and construction
of dams. While neither the Bureau nor the Corps has
specific written guldellnes for investigating and responding
to these inquiries, in practlce, they both have essentially
the same methods for answering such inquiries.

Depending on the nature of the problem, inguiries are
received at either the headquarters or regional or district
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offices, and are then directed to the responsible branch or
section within each office for consideration and investiga-
tion if necessary. 1If the Bureau or Corps concludes that
the matter has already been adequately considered, a letter
explaining the situation will normally be written to the
outside agency, organization, or individual. If the matter
warrants further investigation, the Bureau or the Corps will
perform necessary work and include their findings in the
reply. Typically, as indicated by the examples shown below,
the inquiries or comments are received after the site has
been investigated and the project is under construction.

Many of the comments received by both agencies
regarding dams concern environmental, social, or other im-
pacts rather than safety of projects. Corps officials said
that many comments now received are in response to draft
environmental statements distributed for public comment.

The types of inquiries received from and information
provided by other agencies, groups, and individuals relating
to dam safety and the consideration given them by the Bureau
and Corps are illustrated below. These are merely selected
examples and should not be construed as being the only
inquiries or comments received on these particular projects.

TETON DAM

Concern of USGS personnel about the seismic instability,
presence of faults, and possibility of rock or earth slides
in the area of the Bureau's Teton Dam has been brought out
in congressional hearings held since the dam collasped. The
concern grew out of geologic investigations that USGS con-~
ducted in the Snake River plain area during 1972-73. These
studies indicated that the Teton damsite was in an active
seismic area, the reservoir area was cut by faults and
fractures, and on the surface it appeared that a fault
existed on the right abutment near the dam. The USGS study
was discussed with the Project Construction Engineer at Teton
and Bureau geologists in Denver, Colorado in 1972-73.

In July 1973 USGS provided the Bureau with a copy of
its draft "Preliminary Report on Geologic Investigation,
Eastern Snake River Plain and Adjoining Mountains" based
on initial field work done in 1972. The report pointed
out that Southeastern Idaho, including the area of the Teton
project, was subject to strong and frequent earthquakes,
and that studies suggested that deformation was continuing
along faults in and near the reservoir area. The report
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also pointed to the possibility of a fault near the right
abutment of the dam.

Bureau engineering officials stated that the Bureau
was already aware that the dam was in a seismically active
region and that there was faulting in the reservoir area.
They stated that the dam had been designed to withstand
earthquake motion and the only new information that USGS
had provided concerned the possible fault in the right
abutment. Bureau officials told us that they drilled one
hole on an angle in the area of the inferred fault and
examined excavations and tunnels at the damsite and the
canyon walls where the fault should have surfaced. They
told us that they found no evidence that it existed. 1In any
event, they believed that even if such a fault existed,
it was probably inactive, because USGS investigations
indicated that a significant earthquake probably had not oc-
curred there in about 2 million years.

The Bureau considered the report provided by USGS to be
informational in nature and that no response was required.
A USGS official stated that no response was anticipated and,
in any event, that USGS would not be qualified to assess the
adequacy of any engineering determinations made by the Bu-
reau.

RIRIE DAM

In mid-1976, after the failure of Teton Dam, the grout-
ing subcontractor for the Corps' Ririe Dam wrote the prime
contractor expressing concern regarding the methods used for
grouting and the adequacy of the grouting operation. The
prime contractor conveyed the subcontractor's concerns to
the Corps, adding that the possibilities raised deserved
a thorough appraisal by the Corps.

Although instrumentation at the dam and visual inspec-
tion indicated the dam was functioning as expected, the
Corps initiated a detailed review of this matter. The review
was made by the Chief of the Walla Walla District's Founda-
tion and Materials Branch who reviewed the actual grouting
operation in relation to the design and specifications. He
concluded that the subcontractor's concerns were understand-
able, but in many instances not founded in fact. Instrumen-
tation in the foundation clearly showed the grout curtain
was functioning as designed, and no additional grouting
should be done until instrumentation evidenced a need.
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The report of this investigation had been reviewed by
the Division and forwarded to OCE. The district had also
advised the contractor that its investigation did not reveal
any conditions which would be detrimental to the safety of
the dam.

AUBURN DAM

The Bureau has received numerous inquiries and comments
regarding the safety of the Auburn Dam which is currently
under construction above Sacramento, California. Since early
1974, the Bureau has received many letters from individuals
(engineers), the Association of Engineering Geologists, the
State of California, and different Congressmen and Senators
all concerned whether the dam would provide adeguate safety
during an earthquake. They also expressed concern regarding
the use of a concrete arch dam given its length, the founda-
tion conditions at the site, and earthquake activity in the
area.

After the August 1975 Oroville earthquake, the State of
California suggested that the Bureau reconsider its earth-
guake design criteria for the dam. The Bureau responded
that strong earthquakes in the Oroville area were not neces-
sarily out of the ordinary, but in light of this event the
Bureau would reassess its design criteria for the dam,

In mid-1976, the Bureau appointed a consulting firm to
review the design response of the Auburn Dam in relation to
the possible earthquake activity in the Foothills Fault Sys-
tem. The possibility of a fault is being investigated by Bu-
reau geologists. A board of consultants was retained to in-
dependently review and evaluate the findings of the studies
by the first consultant. It will also review the design
procedures followed in determining the safety of the struc-
ture., Bureau officials told us that the entire study ac-
tivity should be completed in July 1977.

In September 1976 the State of California again wrote
the Bureau, stating the State Division of Water Resources
had reviewed the design earthquake criteria used by the
Bureau for the dam and believed it was not adequate, but
that the Bureau's retention of consultants to review the
seismicity of the damsite resolved the concern for the
time being. The State concluded that it could not support
construction of the dam until its Division of Dam Safety
had reviewed the reports and conclusions of the consultants
and agreed the dam as designed would be safe.
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NEW MELONES DAM

‘After the 1975 Oroville earthguake, the State of
California Department of Water Resources asked the Corps of
Engineers about the safety of site conditions and the design
of the New Melones Dam being built on the Stanislaus River
above Stockton, California. State personnel reviewed de-
sign memorandums for the dam, visited the site, and dis-
cussed the project with the Corps' engineers and geologist.
The project is within the Foothills Fault System which, until
the Oroville earthguake, had been considered inactive. The
State, after its evaluation, suggested the Corps revise the
compaction requirement for the embankment core from 95- to
99-percent average relative compaction to provide a greater
margin of safety during earthquakes. The Corps agreed to
the revision.

PALISADES DAM

Comments and inquiries received were not restricted to
dams being built or recently completed. 1In August 1976
USGS pointed out to the Bureau that there were enormous
slide masses along its 20-year old Palisades Reservoir for
which the stability was not known. In November 1976 Bu-
reau and USGS geologists jointly examined these slide mas-
ses. They concluded that the landslide masses were ancient
and stable and did not pose a risk to Palisades Dam or
Reservoir. Thereafter, both agencies considered the mat-
ter to be satisfactorily resolved.

RECOMMENDATIONS

To ensure that the Bureau and Corps receive all-
information from USGS on the geology or potential hazards of
an actual or potential damsite under consideration, we rec-
ommend that the Secretaries of the Interior and Defense es-
tablish a formal agreement calling for the prompt transmittal
of all existing reports and information relating to an actual
or potential damsite from USGS to the Bureau and Corps.

Also, the formal agreement should contain a provision whereby
USGS would brief the Bureau or Corps on the information it
has developed that has not yet been incorporated into a
published report.

Also, we believe that inquiries and comments received
from individuals and organizations can be useful to the
Corps and Bureau in identifying or providing relevant data
on conditions that could affect dam safety. To ensure
that all inquiries or information on potential safety
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hazards of a damsite or dam design received from other
agencies, groups, or individuals receive appropriate consid-
eration, we recommend that the Secretaries of the Interior
and Defense require the Bureau and Corps provide these
communications to the independent boards of consultants for
their evaluation when they are retained to review the ade-
quacy of the site investigations and design on that
particular project.
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CHAPTER 8

"ACTIONS BEING TAKEN TO COORDINATE FEDERAL DAM SAFETY

PROGRAMS AND DEVELOP PROPOSED FEDERAL GUIDELINES

In an April 23, 1977, memorandum the President directed
that the head of each Federal agency responsible for, or in-
volved with site selection, design, construction, certifi-
cation or regulation, inspection, maintenance and operation,
repair, and ultimate disposition of dams immediately under-
take a thorough review of practices which could affect dam
safety and integrity. Based on this review and reports
thereon, an interagency report and proposed Federal dam
safety guidelines are to be prepared by an ad hoc inter-
agency committee, convened by the Chairman of the Federal
Coordinating Council for Science, Engineering, and Tech-
nology.

The interagency committee's report and proposed Federal
guidelines are to be prepared by October 1, 1977. The pur-
poses of this interagency report and the proposed Federal
guidelines are to coordinate dam safety programs, seek con-
sistency and commonality as appropriate, and provide recom-
mendations as to the means for improving the effectiveness
of the Government-wide dam safety effort.

In addition, the Director of the Office of Science and
Technology Policy is to arrange for a review of the inter-
agency report and the proposed Federal guidelines by a panel
of experts who will obtain the views and advice of estab-
lished organizations, professional societies, and others
concerned with the safety of dams. This review and the
report thereon is to be completed no later than October 1,
1978.

RECOMMENDATIONS

We recommend that the Secretaries of the Interior and
Defense specifically address, in the reports to the Chairman
of the Federal Coordinating Council for Science, Engineering,
and Technology, the actions taken or planned by the Bureau
of Reclamation and the Corps of Engineers on the recommenda-
tions in this report.

We further recommend that the Chairman of the Federal

Coordinating Council for Science, Engineering, and Technology
evaluate the applicability of the recommendations in this
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report, to Federal agencies in addition to the Bureau and the
Corps, in the preparation of the proposed Federal dam safety
guidelines.
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APPENDIX I
T APPENDIX I

United States Department of the Interior

OFFICE OF THE SECRETARY
WASHINGTON, D.C. 20240

MAY %0 1977

Mr. Henry Eschwege

Director, Community and
Economic Development Division

U.S. General Accounting Office

Washington, D.C. 20548

Dear Mr. Eschwege:

We have reviewed your proposed draft report to the Chairman, Environ-
ment, Energy, and Natural Resources Subcommittee, House Committee on
Government Operations entitled "Actions Needed to Increase the Safety

of Dams Built by the Bureau of Reclamation and the Corps of Engineers."
Because of time restrictions on our comments, we have found it expedient
to provide, in lieu of detailed comments, the enclosed annotated copy of
the report reflecting the Bureau of Reclamation's recommended changes.

In addition to those recommended changes, we believe that the dis-~
cussion on Auburn Dam, page 117, should be revised to read as follows:

"In mid-1976, the Bureau appointed a consulting firm to
review the design response of the dam in relation to the
possible earthquake activity in the Foothills fault system.
The possibility of fault is being investigated by Bureau
geologists. A board of consultants was retained to
independently review and evaluate the findings of the
studies by the first consultant. It will also review

the design procedures followed in determining the safety
of the structure.

Presentation of the Department's comments in this mannar has been dis-
cussed with and agreed upon by GAO representatives and the Department
of the Interior.

Sincerely yours,

J @}g)

Deputy Assistant Secretary
Policy, Budget, and Administration

Enclosure
QIQO\JJ-”OA/
S % Note: The Bureau's annotations and the Department's comment on
g % Auburn Dam were considered in finalizing the GAO report.
E m
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APPENDIX II ' APPENDIX II

EXECUTIVE OFFICE OF THE PRESIDENT
FEDERAL COORDINATING COUNCIL FOR SCIENCE, ENGINEERING, AND TECHNOLOGY
WASHINGTON, D.C. 20500 ’

May 16, 1977

Mr. Henry Eschwege

Director

Community and Economic Development
Division

United States General Accounting
O0ffice

Washington, D.C. 20548
Dear Mr. Eschwege:

I appreciate having received copies of your draft report
entitled "Actions Needed to Increase the Safety of Dams

Built by the Bureau of Reclamation and the Corps of Engineers.”
The report is very timely.

As you know, the President has recently directed a major
review of dam safety programs in the Federal Government.

That review will have three parts: 1) Each agency responsible
for dam design, construction, and regulation will review
practices that affect the safety of dams under its jurisdiction;
2) An ad hoc interagency committee will coordinate dam

safety programs and will develop recommendations for improving
the Federal dam safety effort; and 3) A panel of experts
established by the O0ffice of Science and Technology Policy
will review agency procedures and the recommendations of the
interagency committee. The panel review is to be completed

by October 1978. ¢

The review is just beginning so we are not yet in a position
to provide substantive comments on the GAO draft. The draft
does highlight a number of issues that will be considered by
the interagency committee and the outside panel. The
information in the document will be useful to our staff in
carrying out our review.

Sincerely,

Dk o

Frank Press
Chairman

Enclosure:
Presidential Memorandum on Dam Safety
April 23, 1977
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